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AUTOMATED SYSTEMS FOR WEIGHING AND/OR LIQUID DELIVERY 

Statement of Related Applications 

The present application is a continuation in part application of US patent 
5 application serial number 09/61 1,393, filed July 7, 2000, entitled "Automated Weighing 
Station" the disclosure of which is hereby incorporated herein by reference. 

Field of the Invention 

The present invention relates to apparatus for weighing and/or dispensing liquid. 

10 Embodiments of the present invention are advantageous for automatically weighing 

and/or dispensing liquid into small samples generally disposed in containers in an array of 
racks. The invention also relates to weighing and liquid dispensing systems that provide 
flexibility and convenience in generating and transforming a variety of data sets 
associated with measurements accomplished using the weighing and/or liquid dispensing 

15 apparatus. 



Background 

Recently, the proliferation of combinatorial libraries in high throughput synthesis 
and screening (HTS) programs have led to an ever increasing emphasis on automation. 
The ability to prepare and test a large number of compounds quickly can provide a 
competitive advantage. Thus, automated preparation and evaluation has become a key 
process in lead discovery. 

The recent explosion in the number of compounds available for screening, and the 
expected increase in compounds with the development of automated chemical synthesis, 
has meant that a large number of pharmaceutical and other chemical companies are in 
need of automated weighing of such compounds. However, several difJBculties have been 
encountered in attempts to provide a fast, efi5ci©Qt, and cost-effective solution to the 
problem of automatically weighing large numbers of small samples. 

Proposed solutions which simply implement robotic methods to remove and 
replace samples from racks to facilitate weighing present significant problems. Robotic 
fingers have difficulty in grasping individual samples for removal from among an array of 
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closely placed samples in a rack. Certain devices ftmction only with flat bottom 
containers, which are more difficult to return to the rack after weighing. Misplacement 
during return may result in spilling of the sample contents, or breakage of one or more 
samples (possible leading to contamination of one or more samples). 
5 A major difficulty unsolved by current devices is the lack of speed when weighing 

a large number of samples. Current devices generally employ a robotic sample transfer 
assembly, which retrieves a sample from an array, transfers the sample to a separate 
balance, and then returns the sample container to a particular position in a holder, such as 
a test tube rack. Although some such systems may have the ability to identify the 
10 particular sample, and associate flie sample with the measurement taken to enable later 
data recordation and processing, systems currently employed require a large amount of 
inefficient and time-consuming movement. The sample must be plucked from an array, 
moved to the balance, isolated from the surrounding enviroimient by closing a door of a 
chamber surrounding the balance, retrieved from tiie balance after opening flie door of the 
15 chamber, moved back into position relative to the array, and returned to the sample's 
original position. Thus, having the balance a considerable distance from the actual 
sample position withm an array leads to a great deal lost time in moving each sample to 
and from the balance. 

Current devices also handle a relatively limited number of samples during each 
20 run. It would be advantageous to provide an automated system which is capable of 
handling a larger number of samples than those devices curraifly available. 

Accordingly, it is one object of the present invention to provide an automated 
weighing system which handles a larger number of samples per run than currently 
available devices. It is also an object of the invention to accomplish weighing of a large 
25 number of samples in less time, and with mcreased accuracy, handling efficiency and 

reliability. Additionally, another object of the invention is to provide a weighmg system 
allowing increased control of an automated weighing apparatus, and increased versatility 
in data collection, storage and transformation. 

An additional object of the present invention is to provide an automated system 
30 for dispensing liquid which handles a larger number of samples per run than currently 
available devices. It is also an object of the invention to accomplish filling of a large 
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number of sample containers in less time, and wifh increased handling efficiency and 
reliability. 

Summary of the Invention 

The present invention provides a solution to many current problems associated 
with automated weighing of large numbers of samples. One advantage is that the overall 
movement of individual samples to accomplish the weight measurement is minimized. 
This reduces the time required, and reduces the likelihood of malfunctions such as 
breakage of sample containers and/or contamination of samples. 

Accordingly, in one aspect the invention relates to an automated weighing station 
comprising a support frame, a balance secured to the support frame, a sample handling 
assembly, that may be isolated from the surrounding environment, operably connected to 
the balance and secured to the balance, a moveable carrier for moving samples into 
position beneatli the sample handling assembly, a lift assembly positioned beneath the 
moveable carrier and tlie sample handling assembly for lifting samples into position to be 
accessed by tlie sample handling assembly, and a control system for controlling the 
sample handling assembly, the lift assembly, and flie moveable carrier in a coordinated 
manner, and for storing weight measurements of individual samples. The control system 
also provide a user interface. 

In another aspect, the invention relates to a method of weighing multiple 
individual samples comprising moving an ordered array of sample containers beneath a 
stationary sample handling assembly, elevating at least one sample container, reversibly 
securing the at least one sample container to a gripper assembly of the stationary sample 
handling assembly, and returning the at least one sample container to the ordered array 
after a weight measurement is taken, wherein the gripper assembly is connected to a 
balance, and is disengaged from other components of the sample handling assembly while 
the weight measurement is taken. 

In yet another aspect, the invention relates to a weighing system for automated 
weighing of samples comprising a support frame; a balance secured to the support frame; 
a sample handling assembly operatively corrected to the balance and secured to the 
balance; a moveable carrier for moving samples into position beneath the sample handling 
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assembly; a lift assembly positioned beneath the moveable earner and the sample 
handling assembly for lifting samples into position to be accessed by the sample handling 
assembly; and a data handling system for storing and processing of weight measurements 
of the samples. 

5 The invention provides many of the benefits described herein by virtue of the 

close association of the sample handling assembly, including the gripper or lift 
assemblies, with the balance where the weight measurement is taken. The benefits 
provided by the invention are described in greater detail below. 

The present invention also provides a solution to many current problems associated 
10 with automated delivery of liquid to large numbers of samples or sample containers. One 
advantage is that the overall movement of individual samples to accompUsh the liquid 
dispensing is minimized. This reduces the time required, and reduces the likeUhood of 
malfunctions such as breakage of sample containers and/or contamination of samples. 
Accordingly, in one aspect the invention relates to an automated liquid delivery 
15 system comprising a support frame, a liquid delivery apparatus comprising a liquid 
reservoir in communication with a pump and a liquid dispensing nozzle, a sample 
handling assembly operably connected to the liquid dispensing nozzle, a moveable carrier 
for moving samples into position beneath the sample handHng assembly, and a control 
system for controlling the sample handling assembly, the moveable carrier and the 
20 dispensing of liquid in a coordinated manner. The control system also provides a user 
interface. The liquid delivery system may be utilized to add one or more liquids, or 
combinations of liquids, to fresh sample contamers (e.g. test tubes) in specified 
increments. The liquid delivery system may also be advantageously utilized to deliver 
Uquid to sample containers containing samples for dilution or other purposes, such as to 
25 modify concentrations of liquids akeady part of the sample. 

The liquid delivery system may include a probe for measuring propertiesof 
liquids in a sample or sample container. For example, in embodiments of the present 
invention, a probe could be utilized to measure the pH or oflier properties of a sample 
solution in a test tube. In embodiments of the present invention tiie liquid delivery system 
30 may be utilized to deliver water, aqueous solutions, solvents, solvent solutions and/or 
other liquids. 
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In another aspect, the invention relates to a mefliod of dispensing liquid into 
multiple individual samples comprising moving an ordered array of sample containers 
beneath a liquid dispensing apparatus nozzle and dispensing a liquid. 

In a further aspect, the invention relates to weighing systems and methods as set 
forth above further comprising a liquid delivery system. In a system of the present 
invention, the liquid delivery system may be configured to deliver liquid simultaneously, 
or immediately before or after, weighing. Alternatively, the liquid delivery system may 
be configured to deliver liquid independently from the weighing operation, or to deliver 
liquid to one sample while another sample is being weighed, etc. 

In another aspect, the invention relates to data acquisition and control system for 
weighing systems, liquid dispensing systems, such as the weighing systems and liquid 
dispensing systems described above, including weighing systems comprising liquid 
delivery systems. An embodiment of a control system may be implemented utilizing 
computer software and related hardware. The control and data acquisition system may be 
advantageously utilized to provide uniform or individual liquid delivery for samples 
based on either an equal concentration or an equal molarity for each sample. The control 
and data acquisition system may also be utilized to control component parts of the 
weighing system, for example to control gripping and weighing of samples, movement of 
sample trays, dispensing of Hquid and the like. * 

In embodiments of the present invention, data generated by the automated 
weighing of samples is maintained in electronic form and fed electronically into a 
computer hardware and software implemented data acquisition system. The data may 
comprise information relating to the characteristics of particular samples, for example, 
weight, molarity, pH and/or the like. Alternatively, or in addition, the data may comprise 
information relating to the weighing system as a whole, or component parts of the 
weighing system, for example number of sample weighed, current sample and rack, 
weighing time per sample and the like. The data acquisition system may be implemented 
utilizing software that may be easily integrated to other databases including, but not 
limited to, for example Oracle or Microsoft Access. 

Embodiments of weighing systems according to the present invention may further 
comprise bar code scanning means for reading bar codes on samples or sample racks. 
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The data generated may be communicated to the data acquisition system and incorporated 
into a database. 

Further, embodiments of weighing systems of the present invention may include 
monitoring or safety means for monitoring the automated actions of the system 
5 components to ensure the components are properly positioned before movement to 
minimize component breakage. The monitoring means may comprise sensors, laser 
scanners and/or similar hardware in communication with a control system that will 
suspend operation of the weighing system component or components if a situation that 
could potentially damage the weighing system or a component thereof is sensed. 
10 The systems of the present invention provide many advantages over prior systems 

for weighing multiple samples or for dispensing liquid. 

Weighing systems of the present invention advantageously provide a weighing 
process that is accurate and reproducible with an accuracy ofweighing up to 0.1 mg or 
greater. 

1 5 Weighing systems of the present invention may be utilized for weighing, liquid 

delivery or for combination of both. One can load racks of samples and perform either 
weighing the samples alone, or deUvering solvents to these samples alone or weighing the 
samples and deliver liquid to them. This can be done in any combination for each individual 



rack. 



Features of the systems of the present invention enhance productivity and quality in 
industry, many research, analytical and QC laboratory applications. In pharmaceutical 
applications, systems of the present invention may be advantageously utilized in systems for 
compound yield determination; compound management; and/or stability/shelf-life 
determinations. In chemical applications, systems of the present invention may be 
25 advantageously utilized in systems for weight determination of powders and solids; 

stability/shelf-life determination and/or HPLC or GC preparation. In food and cosmetic 
applications, systems of the present invention may be advantageously utilized in systems for 
sample preparation. 

Embodiments of the present invention may provide one or more of the following 
30 advantages: 
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Automated, hands-free weighing, thereby providing repeatable accuracy and freeing 
laboratory staff to perform other duties; 

Automated, hands-free liquid delivery, thereby ensuring accuracy and freeing 
laboratory staff to perform other duties; 

Error free documentation; 

Rapid sample rates in terms of samples weighed/filled per hour; 

Configurable for use with vials, test tubes, mini-tubes and/or other sample carriers; 

and 

Bar code scanning of samples and/or sample trays. 

Embodiments of the weighing systems of the present invention may be configured to 
hold hundreds or thousands of samples and weigh hundreds of samples, or more, per hour, on 
a bottom-loading high accuracy analytical balance such as a four, five or six place analytical 
balance. An apparatus of the present invention can be optionally configured witii multiple 
formats such as, but not limited to, with 48 or 96 test tube rack configurations. Embodiments 
of the weighing systems of tlie present invention may also be configured to hold multiple 
racks of vials, test tubes, and/or mini-tubes that can be tarred and re-weighed as required. 
Embodiments of the present invention provide high throughput reliable weighing and liquid 
delivery that is accurate and fast. 

An additional advantage of an embodiment of ttie present invention that comprises a 
weighing system and a liquid dispensing system is that the weighing system and the liquid 
dispensing system may operate in a synchronized fashion to reduce the amount of time for 
both functions to be performed on each sample. For example, the liquid dispensing system 
may fill sets of samples while other sets of samples are being weighed. As a result, the 
overall time to both weigh and fill samples with liquid in not substantially increased over the 
time it would take to either weigh or fill the samples with liquid. 

A further advantage of the present invention is that embodiments of the present 
invention may comprise a data acquisition and control system that may be advantageously 
utilized to control the weighing of samples and/or the dispensing of liquid and may further 
collect and store data relating to samples in a fomiat that can be accessed and utilized by 
other databases. 
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Brief Description of the Drawings 

Figure 1 is a front perspective view of one embodiment of the apparatus of the 

invention. 

Figure 2 is a cut-away, top perspective view of an embodiment of the apparatus of 
5 the invention (balance and upper frame portion not shown). 

Figure 3 is a cut-away, top perspective view of the apparatus of the invention as in 
Fig. 2 (sample racks and carrier not shown). 

Figure 4 is a perspective view of the balance, sample handling, sample lift, and 
rack detection/identification components of an embodiment of the apparatus (viewed as 
10 from lower right to upper left of the view of Fig. 1 - sample racks, carrier, and frame not 
shown). 

Figure 5 is a top perspective view of an embodiment of the sample handling 
assembly. 

Figure 6 is a side elevational view of an embodiment of the sample handling 
15 assembly. 

Figure 7 is a perspective view of an embodiment of the sample ift assembly 
(viewed as from the upper right rear to the lower, left front of the view of Fig. 2). 

Figure 8 is an elevational view of an embodiment of the sample lift assembly 
(viewed as from the right of Fig. 2). 
20 Figure 9 is an elevational view of an embodiment of the sample lift assembly 

(viewed as from the right of Fig. 8). 

Figure 10 is a top elevational view of an embodiment of the sample lift assembly. 

Figure 11 is atop perspective view of an embodiment of the optional weighing 
isolation housing of the apparatus. 
25 Figure 12 is a side elevational view of an embodiment of the optional weighing 

isolation housing. 

Figure 13 is a front perspective view of one embodiment of the apparatus having 
the optional weighing isolation housing installed. 

Figure 14 is a block diagram of the control system, associated devices, and 
30 systems, according to one embodiment of the invention. 
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Figure 15 illustrates a possible embodiment of a liquid dispensing apparatus of the 
present invention. 

Figure 16 is a front perspective view of an embodiment of an apparatus of the 
present invention showing a laser sensing system. 

Figures 17-20 depict screenshots from an embodiment of a graphical user display 
in a data acquisition and control system of the present invention. 

In the Figures, like reference characters indicate corresponding p".rts. 

Detailed Description of tlie Invention 

The present invention provides solutions to many problems associated with 
automated weighing of multiple samples. In particular, tlie present invention allows large 
numbers of samples to be weighed rapidly. The invention also allows samples to be 
weighed with decreased opportunity for breakage and/or sample contamination. 

Accordingly, in one aspect tlie invention relates to an automated weighing station 
comprising a support frame, a balance secured to the support frame, a sample handling 
assembly operably connected to the balance and secured to the balance, a moveable 
carrier for moving samples into position beneath the sample handling assembly, a lift 
assembly positioned beneath the moveable carrier and the sample handling assembly for 
lifting samples into position to be accessed by the sample handling assembly, and a 
control system for controlling the sample handling assembly, the fift assembly, and the 
moveable carrier in a coordinated manner, and for storing weight me£isurements of 
individual samples. The moveable carrier is coordinated with the operation of the lift 
assembly and the sample handling assembly via multiple positioning sensors which 
output to the control system, allowing rapid and safe handling of the samples, as well as 
providing data allowing each sample to be individually identified with its corresponding 
weight measurement when the data is stored or transferred in electronic form. 

In a preferred embodiment, the sample handling assembly further comprises a 
gripper assembly comprising arms, one end of each arm being pivotably connected along 
a conunon pivot axis, and the opposite end of each arm comprising a gripper finger 
adapted to directly contact a sample container; a spring tensioner urging the arms toward 
one another; and a powered mechanical drive component in communication with the 
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gripper assembly. More preferably, the mechanical drive component operates 
intermittently to spread the gripper arms against the force of the spring tensioner, thereby 
increasing the distance between the gripper fingers of the respective gripper arms such 
that a sample may be received therein, to be gripped by the fingers when the mechanical 
drive component releases the arms to return to a closed position as urged by the spring 
tensioner. The gripper assembly is designed to be small and light enough such that the 
net weight of individual sampbs is accurately weighed and recorded while the gripper 
assembly is operable connected to a component of the balance to actuate the weighing 
mechanism of the balance. When the actual weight measurement is accomplished, the 
mechanical drive component is dissociated from the gripper assembly, such that it does 
not interfere with an accurate measurement. 

In another preferred embodiment, the moveable carrier comprises a sample rack 
carrier and a carrier support unit. More preferably, position seiasors are provided which 
are adapted to communicate flie position of the sample rack carrier in relation to the 
gripper assembly to the control system such that weight measurements of individual 
samples are stored electronically, and are associated with an individual sample by at least 
one identifying characteristic. Also more preferably, the sample racks are characterized 
by an asymmetric shape which requires that the sample racks be placed in the sample rack 
carrier in only one possible orientation relative to the moveable carrier. Also more 
preferably, a scanner is provided for determining the identity of sample racks within an 
array of racks held by the sample rack carrier. Also more preferably, the sample rack 
carrier comprises openings such that the scanner may determine the identity of sample 
racks disposed within the interior of the array of racks. More preferably, the sample racks 
are identified by the scanner utilizing a bar coding system. The sample rack carrier may 
be adapted to hold at least one rack which is adapted to hold a plurality of sample 
containers. More preferably, tiie sample rack carrier is adapted to allow access by the lift 
assemble to at least one sample container from beneath the sample rack carrier. This 
feature of the present invention provides significant benefits by allowingthe overall 
movement of individual samples to be minimized, and controlled, because samples are 
moved in a short, substantially vertical path from the sample rack to the gripper assembly. 
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In a preferred embodiment, the carrier support unit further comprises at least one 
powered mechanical drive component adapted to provide controlled forward and 
rearward, left and right movement of the sample rack carrier. More preferably, the at least 
one powered mechanical drive component comprises a first electric motor controlling 
5 forward and rearward movement, and a second electric motor controlling left and right 
movement of the sample rack carrier. Additionally, position sensors outputting to the 
control system provide data allowing the individual identity of sample to be a':sociated 
with their respective weight measurements as stored data. 

In another preferred embodiment, the hft assembly comprises a housing; a powered 

10 mechanical drive component connected to the housing; and a lift shaft operably coimected 
to the powered mechanical drive component, wherein the powered mechanical drive 
component provides controlled upward and downward movement of the lift shaft. More 
preferably, the lift shaft further comprises a tip which is adapted to receive the bottom 
portion of a sample container. More preferably, the tip is adapted to receive a bottom 

15 portion of a sample container, the shape of which is selected from the group consisting of 
rounded, conical, flat-ended cubical, and flat-ended circular. Most preferably, the 
powered mechanical drive component comprises an electric motor having a pulley 
engaged to a belt member, the distal portion of which engages a second pulley, and 
wherein the belt member is attached to a lift shaft mount to provide upward and 

20 downward motion of the lift shaft which is connected to the lift shaft mount. Position 

sensors allow coordination of the lift shaft movement with sample position relative to the 
moveable carrier and the sample handling assembly. These position sensors output to the 
control system to facilitate rapid but safe and efficient sample handling in conjunction 
with the operation of the sample handing assembly. 

25 In another preferred embodiment, the automated weighing station further 

comprises a housing adapted to isolated a gripper assembly of the sample handling 
assembly. More preferably, the housing comprises a first sensor associated with an 
aperture for receiving a sample through a bottom plate of the housing, and a second 
sensor positioned adjacent to the gripper assembly, the first and second sensors allowing 

30 determination of a lowered position and a lifted position, respectively, of the sample. 

Most preferably, the housing further comprises at least one aperture for the introduction 
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of gases for atmospheric control within the housing. The sensors output to the control 
system, allowing control of other moving components of fee station, in conjunction with 
sample movement mto, and out of, the housing. 

In another aspect, the invention relates to a method of weighing multiple individual 
5 samples comprising moving an ordered array of sample containers beneath a stationary 

sample handling assembly, elevating at least one sample container, reversibly securing the 
at least one sample container to a gr.pper assembly of the stationary sample handling 
assembly, and returning the at least one sample container to the ordered array after a 
weight measurement is taken, wherein the gripper assembly is connected to a balance and 
10 is disengaged from other components of fee sample handling assembly while fee weight 
meas\irement is taken. 

In a preferred embodiment, fee weight of a sample wifein fee individual sample 
container is between about 0.01 mg and about 500 g. More preferaUy, fee weight of a 
sample within the individual sample container is between about 0.1 mg and about 50 g. 
15 Most preferably, fee weight of a sample within fee individual sample container is between 
about 1 mg and about 5 g. In a prefenred embodiment, fee weight of a sample wifein 
fee individual sample contains is between about 1 mg and about 100 mg. More 
preferably, fee weight of a sample wifein fee individual sample container is between 
about 2 mg and about 50 mg. Most preferably, the weight of a sample wifein fee 
20 individual sample container is between about 5 mg and about 25 mg. 

The design of fee gripper assembly and its operation by fee mechanical drive 
component of fee sample handling assembly allows accurate and precise measurements of 
net sample weight. 

In yet another aspect, fee invention relates to a weighing system for automated 
25 weighing of samples comprising a support frame; a balance secured to fee support frame; 
a sample handling assembly operatively connected to fee balance and secured to fee 
balance; a moveable carrier for moving samples into position beneafe fee sample handling 
assembly; a lift assembly positioned beneath the moveable carrier and fee sample 
handling assembly for lifting samples into position to be accessed by fee sample handUng 
30 assembly; and a data handling system for storing and processing of weight measurements 
of fee samples. 
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In a preferred embodiment, the data handling system comprises a balance; 
computer software; and computer hardware; wherein the data handling system is adapted 
to communicate weight measurements to computer software and hardware. More 
preferably, the data handling system ftirther comprises one or more data collectors 
5 positioned and adapted to transmit information to a computer control unit, thereby 
allowing coordinated movement of samples via the sample handing assembly, the 
moveable carrier, and the lift assembly, wherein the information is coordinated by *he 
computer control unit with the storage of weight measurement transmitted by the balance 
for individual samples. Most preferably, the data handling system further comprises a 

10 scanner for detection of the position and identity of sample racks on the moveable carrier; 
at least one position sensor associated with tlie moveable carrier; and at least one sample 
position sensor associated with the sample handling assembly. 

In another preferred embodiment, the computer hardware of the data handling 
system comprises one or more of the following: a display; data entry apparatus; a 

1 5 processor; an interface to the weighing apparatus; a printer or other output apparatus; 
electronic interfaces among the component parts; and memoiy. 

In another preferred embodiment, the computer software of the date handling 
system comprises an operating system; a database program; a report generating program; 
a data-receiving program for receiving data from the weighing apparatus; and a control 

20 program for controlling the weighing apparatus. More preferably, the report generatmg 
program is adapted to provide data comprising individual sample identification related 
one or more of sample rack identity, sample position, tare weight of a sample container, 
gross weight of sample and sample container, and net weight of sample. More preferably, 
the data is originally stored in a format selected from the group consisting of ASCII text, 

25 binary, and ODBC (object database connectivity format). Most preferably, the data is 
originally stored in ASCII text format. Other formats may also be employed for data 
storage and transfer in particular situations. 

In another aspect the present invention relates to an automated liquid dispensing 
apparatus comprising a support frame, a liquid dispenser secured to the support frame, a 

30 sample handling assembly operably connected to the liquid dispenser, a moveable carrier 
for moving sample or sample containers into position beneath the sample handling 
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assembly to permit filling of sample containers and a control system for controlling the 
sample handling assembly, the liquid dispenser, and the moveable carrier in a coordinated 
manner. The moveable carrier is coordinated with the operation of the liquid dispenser 
and tbe sample handling assembly via multiple positioning sensors which output to the 
5 control system, allowing rapid and safe handling of the samples, as well as providing data 
allowing each sample to be individually identified with its corresponding liquid 
measurement when the data is stored or transferred in electronic form. 

A liquid dispenser for use in the present invention comprises a dispensing portion, 
comprising a nozzle or end of a tube or the like. The liquid dispenser further comprises a 
10 tube or similar apparatus connecting the dispensing portion and a source of liquid. The 
source of liquid may comprise a reservoir, or may comprise a connection to a source of 
fluid. In an embodiment of the present invention, the source of liquid comprises a 
standard laboratory reagent bottle and the liquid dispenser comprises a connection that 
replaces the cap of the reagent bottle. 
1 5 The liquid dispenser will generally comprise a pump for moving liquid firom the 

reservoir or source of liquid to the dispensing portion. The pump may be mounted on the 
frame of the apparatus, or in another location between the dispensing portion and the 
source of liquid. 

Otiier aspects of the automated liquid dispensing apparatus of the present invention 
20 may be the same as similar aspects of the automated weighing station of the present 
invention wherem die liquid dispenser is substituted for the weighing apparatus. 

In another aspect, the present invention provides a single apparatus that may be 
utilized for both the automated weighing of samples and for the automated dispensing of 
liquid. Embodiments of the this aspect of the present invention position the dispensing 
25 portion of the liquid dispenser in close proximity to the weighing apparatus to allow for 
the weighing of a sample and/or dispensing of liquid into the sample. 

In a further aspect, the invention relates to a method of dispensing liquid into 
multiple individual samples comprising moving an ordered array of sample containers 
beneath a stationary sample handling assembly, positioning a liquid dispenser above at 
30 least one sample container, and dispensmg liquid into the sample container. 
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As will be recognized by those of ordinary skill in the art, and as described above, 
embodiments of an automated liquid dispensing apparatus of the present invention may 
comprise a data handling system, or a data acquisition and control system similar to the 
ones described above with reference to an automated weighing station of the present 
5 invention. Further aspects of an embodiment of a data acquisition and control system are 
described below. 

Referring now to the Figures, in particular to Figure 1, a front perspective view c5 
one embodiment of the automated weighing station 2 of the invention is shown. 
Enclosure and support frame 4 is shown supporting balance 6 and sample handling 
10 assembly 8. Also shown is sample lift assembly 14, sample rack carrier 10, and carrier 
support unit 12. 

Frame 4 also provides support for materials which may be used in conjunction with 
frame 4 to enclose the automated weighing station 2. Frame 4 may be constructed so as 
to allow access via a front, lift-type door in a conventional fashion, and/or via side access 

15 door openings, such that samples may be easily accessed before, during, or at the 
conclusion of an automated weighing run. 

Sample lift assembly 14 fimctions to raise an individual sample to facilitate access 
to the sample by the sample handling assembly 3. Accordingly, sample racks in sample 
rack carrier 10 have apertures beneath each individual sample compartment to allow 

20 access from below the sample. Carrier support unit 12 stably supports sample rack carrier 
10, and transports carrier 10 laterally to allow each individual sample to be broughtinto 
handling positions beneath sample handling assembly 8. 

Figure 2 shows an embodiment of the apparatus of the invention, without showing 
frame 4 or balance 6 as shown in Figure 1. Motors 18 and 20 provide power for leftright, 

25 front-back movement of sample rack carrier 10 on carrier support unit 12. Scarmer 16 
reads identifying information on the end of each sample rack, e.g, a bar code. In Fig. 2, 
scanner 16 is shown reading the front row of racks in carrier 10. When the rear row of 
racks is being analyzed, scaimer 16 reads the identifying information through apertures 17 
in carrier 10. Because of asymmetry in rack design, samples positioned within each rack 

30 are necessarily identified by rack identification. Figure 3 is very similar to Figure 2, 

except the sample racks and sample rack carrier 10 are not shown. Sample lift assembly 
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is shown mounted on carrier support unit 12, and interacting with a sample container to 
facilitate reception of a sample by sample handling assembly 8. 

Figure 4 shows the relative positioning and interaction between balance 6, sample 
handling assembly 8, and sample lift assembly 14. Gripper assembly 24 is shown holding 
a sample for weighing in conjunction with sample lifting assembly 14, powered by lifting 
motor 28. Sample handling assembly 8 includes gripper spreader motor 22. Although 
sample racks and sample rack carrier 10 are n jt shown in Figure 4, scanner 16 is shown 
for the purpose of illustrating the relative positioning of components. 

Figure 5 is an enlarged depiction of sample handling assembly 8. Gripper 
assembly 24 comprises gripper fingers 32 which directiy contact sample container 30. 
Gripper fingers 32 are connected to gripper arms 34 which are urged toward one another 
by spring 36. Outer clevis 35 and inner clevis 37 connect the gripper arms 34 to 
mounting block 39 via shoulder screws 38. Mounting block 39 is connected to balance 
shaft 40 via dowel pin 41 (as shown in Figure 6). Dowel 41 is connected to balance 6 
(see Fig. 4) via dowel pin 41 (see Fg. 6). 

Gripper arms 34 of gripper assembly 24 are spread (against ttie tension provided by 
spring 36) by dowels 42 and 43, which are connected to arm spreaders 44 and 46, 
respectively. Aim spreader 44 is connected to and actuated by outer shaft 58. Ann 
spreader 46 is connected to and actuated by inner shaft 57. Outer shaft 58 and inner shaft 
57 are supported by bearing 49 as they pass through front mount 50. This connection is 
secured by snap rings 48, which are disposed forward and rearward of front mount 50. 
The rearward end of outer shaft 58 terminates prior to rear mount 54, and is supported in 
relation to inner shaft 57 by bronze bushing 59. Inner shaft 57 continues rearward 
through rear mount 54, where it is supported by bearing 51, and secured by snap rings 55. 

Outer arm rotator 56 and inner arm rotator 60 are connect to outer shaft 58 and 
inner arm shaft 57, respectively. Arm rotators 56 and 60 are connected to rotator 64 via 
dowels 62. Rotator 64 is powered by stepper motor 22, to actuatedaim rotators 56 and 
60. The opCTation of rotator 64 is contirolled by sensor66 (e.g. an omron sensor), which 
operators via sensor flag 70. Sensor bracket 68 provides the platform for mounting of 
sensor 66 and sensor flag 70. The sensor assembly allow the coordination of the 
operation of sample handling assembly 8 with other components of the apparatiis. In 
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particular, operation of sample handling assembly 8 is coordinated with the operation of 
sample lift assembly 14. 

Figures 7-10 show various detailed views of sample lift assembly 14. Figure 7 is a 
front perspective view of flie assembly; Fig. 8 is a front elevational view; Fig. 9 is a side 
elevational view (as from the right of Fig. 8); and Fig. 10 is a top elevational view of the 
assembly. 

Lift motor 28, mounted in bracket 88 on platform 90, powers drive belt 78 via 
pulley 92. At the upper end of sample lift assembly 14, pulley 76 is mounted on an 
extension of rear mount 80 to carry drive belt 78. Side mount 81 is connected along one 
edge to rear mount 80, at its bottom to platform 90, and on the lower portion of its front 
side to bracket 88. On the side of drive belt 78 proximal to side mount 81, bracket 82 is 
connected to lift shaft mount 74. On the opposite side of Uft shaft moimt 74, brackets 84 
provide a mounting platform for sensor components and travel stops, which are 
coordinated wifli sensor components and travel stops 86 mounted on side mount 81 to 
control range of operation and range of travel of lift shaft mount 74 in conjunction with 
the operation of lift motor 28 and the drive assembly. Lift shaft 26 is mounted in lift shaft 
mount 74 and terminated at the upper end with tip 72. Tip 72 may be configured 
variously, depending on the shape of tiie bottom of sample container 30. In a preferred 
embodiment, tip 72 is cup shaped at the top to allow handling of containers wifli round 
bottoms. Conical or flat bottom containers may be handled by configuring tip 72 
accordingly, as will be recognized by the skilled artisan. 

The forward portion of sample handling assembly 8 may be isolated to facilitate 
certain weighing operations which require greater isolation of the sample or control of the 
atmospheric environment during the operation. Housing 92 may be optionally installed to 
provide this capacity (see Fig. 13). Figures 1 1 and 12 provide a top perspective and front 
elevational view, respectively, showing details of housing 92 (apparatus not shown). Top 
mounting plate 94 is provided with connection apertures 114 and bracket 1 12 for . 
connecting housing 92 to the bottom of balance 6. Aperture 1 16 allows passage of 
balance shaft 40 of the gripper assembly 24 to balance 6 when housing 92 is installed 
(gripper assembly 24 is contained within housing 92). The lower compartment 96 of 
housing 92 is a substantially rectangular box having front and rear, left and right, and 
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bottom plate 102 (see Fig. 12), with the top formed by attachment lower compartment 96 
to top mounting plate 94. Aperture 110, in the rear side of lower compartment 96, allows 
passage of outer and inner shafts 58 and 57, such that gripper assembly 24 may be 
actuated within housing 92. Figure 12 shows Ufted sample sensor 100, secured by sensor 

5 bracket 98. Seated sample sensor 106 is secured by sensor bracket 108. Seated sample 
sensor 106 and bracket 108 are positioned adjacent to aperture 118, which allows lifting 
of a sample container 30 (see Figs. 5 and 6) through bottom plate 102 by lifting assembly 
14. Together this sensor arrangement allows precise coordination of the operation of lift 
assembly 14 and sample handling assembly 8, when housing 96 is utilized. 

10 Figure 13 shows an embodiment of automated weighing station 2, with housing 92 

installed. 

Figure 14 provides a schematic overview of the various input and outputs of an 
OTibodiment of a data acquisition and control system for an automated apparatus of the 
present invention. 

1 5 Figure 1 5 provides a schematic diagram of a liquid dipenser for use in an automated 

system of the present invention. As shown in Figure 15, a liquid dispenser may include 
dispensing means 132, disposed vertically above a sample container. Dispensing means 132 
are connected via tubing 134 to a source of liquid 140. A pump or valve 136 may be utilized 
to control the flow of liquid through the liquid dispensing means. The liquid dispenser may 
20 be mounted to sample handling assembly 8 and move with the sample handling assembly in 
the manners described above with reference to the weighing apparatus. 

In an embodiment of the present invention, the weighing or liquid dispensing 
apparatus may further comprise a positioning sensor system to sense the relative position of 
the sample lifting pin and/or sample gripper and prevent movement of the carrier apparatus 
25 unless the lifting pin is positioned so that it will not interfare with the movement. The 

positioning sensor system may comprise a laser, or a scanning laser, in combination with a 
receiver. The sensor system may ftirther comprise one or more mirrors for directing the laser. 

The sensor system may rely on an unbroken or unbroken laser beam to determine the 
relative position of component parts in the weighing or liquid dispensing system. For 
30 example, in an embodiment of the present invention, a sensor system may comprise a laser 
beam generator that emits a laser beam that is sensed by a receiver located in a second 
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position. The laser beam generator and receiver may be positioned on the frame of the 
apparatus at a height such that weighing of a sample will cause the beam to be broken. A 
data acquisition and control system may communicate with the receiver such that a break in 
the beam will instruct the control system to restrict movement of one or more component 
5 parts of the weighing or liquid dispensing apparatus. - 

In an embodiment, the system checks to see if the sample is back in its position with 
the proper clearance for movement of the table. A scanning laser that covers the area under 
the gripper and the hole where the sample travels to the gripper insures this. 

The system may in addition, or in the altemative, check to see if the lifting pin is back 
10 in its position with the proper clearance for movement of the table. The scanning laser that 
covers the area under the gripper and the hole where the pin lefts the sample to the gripper 
insures this. Another sensor on the lifting pin assembly insures that the pin is in the home 
position. ' . 

The sensor system may also check to see if the sample is properly placed in the 
15 gripper before the weighing process starts. A sensor may be utilized within the gripper 

assembly to insure that the sample is in the proper position and it is hanging freely in the 

gripper without any contact with other objects. 

In a further embodiment, a weighing and/or liquid dispensing apparatus of the 

present invention may further comprise a bar code scanner. The bar code scanner may be 
20 mounted on the rack support assembly and positioned to read bar codes that have been 

applied to racks of test tubes. The bar code scanner may be linked electronically to a data 

acquisition and control system and feed data into the system. Suitable bar code scanning 

equipment is conamercially available from a variety of sources, including IBM, Symbol, 

Cognex and NCR- 

25 Figure 16 illustrates as embodiment of the present invention comprising a laser 

sensing system. As shown in Figure 16, a laser generator 150 may be mounted on the 
apparatus and positioned to send a laser beam to receiver 152. The pafli of the laser 
comprises a plane just above the level of sample containers in the racks. The laser beam 
is broken when sample containers are lifted or picked up to be weighed. If a sample 

30 container is not returned correctly to its position in the rack, the laser beam will remain 
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broken. Receiver 152 communicates with a data acquisition and control system and halts 
operation of the apparatus while the beam remains broken. 

Figure 16 also illustrates a possible positioning of a bar code scanning unit 160. 
The bar code scanning unit is positioned to be able to read bar codes contained on sample 
5 container racks. Information from the bar code scanner is fed into a data acquisition and 
control system to assist in controlling and monitoring aspects of the apparatus. 

As described above, an aspect of the present invention is a data acquisition and 
control system. Figure 14, referred to above, provides an overview of Ibe types of 
information and data that may be handled by the system. Figures 17- 20 provide 
10 screenshots from the display of an embodiment of a data acquisition and control system 
of the present invention. 

As shown if Figure 17, the system may be configured to provide different types of 
data relating to each rack of sample containers in the system. The racks may be tracked 
through the weighing and/or liquid dispensing system and data stored relatingto the time 

15 of weighing etc. 

Figures 18 and 19 illustrates a graphical display providing information relating to a 
single rack and the sample containers in the rack. The system software may be fully 
integrated and interfaced to different types of databases like ORACLE or ACCESS. All data 
may be stored in many formats including but not limited to ODBC so it can be loaded directly 
20 in the database and in ASCn reports for further manipulations. These reports are complete 
and error-free with details about sample I.D., rack number, position, tare weight, gross 
weight, net weight and/or volume of liquid delivered for each sample. 

Figure 20 illustrates a graphical display providing options for Hquid dispensing. As 
shown in Figure 20 liquid delivery of many solvents than can be delivered to fresh tubes or 
25 vials or to samples for dilution, and different concentrations in multiple formats. 

It will thus be seen that the objects set forth, among those made apparent from the 
preceding description, are efficiently obtained and, since certain changes may be made in 
carrying out the above embodiments and in the apparatus and method set forth, without 
departing from the spirit and scope of the invention, it is intended that all matter 
30 contained in the above description shall be interpreted as illustrative and not in a limiting 
sense. 
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It is also to be understood that the following claims are intended to cover all of the 
generic and specific features of the invention herein described and all statements of the 
scope of the invention which, as a matter of language, might be said to fdl there between. 
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What is claimed is: 



1 . An automated weighing station comprising, 
a) a support frame; 
5 b) a balance secured to said support frame; 

c) a sample handling assembly operably connected to said balance and 
secured to said balance; 

d) a moveable carrier for moving sami: les into position beneath said sample 
handling assembly; 

10 e) a lift assembly positioned beneath said moveable carrier and said sample 

handling assembly for lifting samples into position to be accessed by said 
sample handling assembly; and 
f) a control system for controlling said sample handling assembly, said lift 
assembly, and said moveable carrier in a coordinated manner, and for 

1 5 storing weight measurements of individual samples . 

2. An automated weighing station of claim 1 , wherein said sample handling 
assembly further comprises, 

a) a gripper assembly comprising arms, one end of each arm being pivotably 
connected along a common pivot axis, and the opposite end of each arm 

20 comprising a gripper finger adapted to directly contact a sample container, 

and a spring tensioner urging said arms toward one another; and 

b) a powered mechanical drive component in communication with said 
gripper assembly. 

3 . An automated weighing station of claim 2, wherein said mechanical drive 

25 component operates intermittently to spread said gripper arms against the force of 

said spring tensioner, thereby increasmg the distance between said gripper fingers 
of tlie respective gripper arms such that a sample may be received therein, to be 
gripped by said fingers when said mechanical drive component releases said arms 
to return to a closed position as urged by said spring tensioner. 

30 4. An automated weighing station of claim 1 , wherein said moveable carrier 
comprises. 
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a) 
b) 



a sample rack carrier; and 
a carrier support unit. 



5 

6. 

10 

7. 

15 8. 
9. 

20 10. 
11. 

25 

12. 

30 13. 
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An automated weighing station of claim 4, further comprising position sensors 
adapted to communicate the position of said sample rack carrier in relation to said 
gripper assembly, to said control system such that weight measurements of 
individual samples are stored electronically, and are associated with an individual 
sample by at least one identifying characteristic. 

An automated weighing station of claim 4, wherein said sample racks are 
characterized by an asymmetric shape which requires that said sample racks be 
placed in said sample rack carrier in only one possible orientation relative to said 
moveable carrier. 

An automated weighing station of claim 4, further comprising a scanner for 
determining the identity of sample racks within an array of racks held by said 
sample rack carrier. 

An automated weighing station of claim 7, wherein said sample rack carrier 
comprises openings such that said scanner may determine the identity of sample 
racks disposed within the interior of said array of racks. 
An automated weighing station of claim 7, wherein said sample racks are 
identified by said scanner utilizing a bar coding system. 

An automated weighing station of claim 4, wherein said sample rack carrier is 
adapted to hold at least one rack which is adapted to hold a plurality of sample 
containers. 

An automated weighing station of claim 4, wherein said sample rack carrier is 
adapted to allow access by said lift assemble to at least one sample container firom 
beneath said sample rack carrier. 

An automated weighing station of claim 4, wherein said carrier support unit 
further comprises at least one powered mechanical drive component adapted to 
provide controlled forward and rearward, left and right movement of said sample 
rack carrier. 

An automated weighing station of claim 12, where said at least one powered 
mechanical drive component comprises a first electric motor controlling forward 
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and rearward movement, and a second electric motor controlling left and right 
movement of said sample rack carrier. 
14. An automated weighing station of claim 1, wherein said lift assembly comprises, 
a) a housing; 

5 b) a powered mechanical drive component connected to said housing; and 

c) a lift shaft operably connected to said powered mechanical drive 
component, 

wherein said powered mechanical drive component provides controlled 
upward and downward movement of said lift shaft 
10 15. An automated weighing station of claim 14, wherein said lift shaft farther 

comprises a tip which is adapted to receive the bottom portion of a sample 

container. 

16. An automated weighing station of claim 1 5, wherein said tip is adapted to receive 
a bottom portion of a sample container, the shape of which is selected from the 

1 5 group consisting of rounded, conical, flat-ended cubical, and flatended circular. 

17. An automated weighing station of claim 14, wherein said powered mechanical 
drive component comprises an electric motor havmg a pulley engaged to a belt 
member, the distal portion of which engages a second pulley, and wherein said 
belt member is attached to a lift shaft mount to provide upward and downward 

20 motion of said lift shaft which is connected to said lift shaft mount. 

18. An automated weighing station of claim 1 , further comprising a housing adapted 
to isolated a gripper assembly of said sample handling assembly. 

19. An automated weighing station of claim 18, wherein said housing comprises a 
first sensor associated with an aperture for receiving a sample through a bottom 

25 plate of said housing, and a second sensor positioned adjacent to said gripper 

assembly, said first and second sensors allowing determination of a lowered 
position and a lifted position, respectively, of said sample. 

20. An automated weighing station of claim 17, wherein said housing further 
comprises at least one aperture for tiie introduction of gases for atmospheric 

30 control v^thin said housing. 
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21 . A method of weighing multiple individual samples, said method comprising 
moving an ordered array of sample containers beneath a stationary sample 
handling assembly, elevating at least one sample container, reversibly securing 
said at least one sample container to agripper assembly of said stationary sample 

5 handling assembly, and returning said at least one sample container to said 

ordered array after a weight measurement is taken, wherein said gripper assembly 
is connected to a balance and is disengaged from other components of said sample 
handling assembly while said weight measurement is taken. 

22. A method of claim 21, wherein the weight of a sample within the individual 
10 sample container is between about 0.01 mg and about 500 g. 

23. A method of claim 21 , wherein the weight of a sample within the individual 
sample container is between about 0.1 mg and about 50 g. 

24. A method of claim 2 1 , wherein tlie weight of a sample within the individual 
sample container is between about 1 mg and about 5 g. 

15 25. A method of claim 2 1 , wherein the weight of a sample within said individual 
sample container is between about 1 mg and about 100 mg. 

26. A method of claim 21, wherein the weight of a sample within said individual 
sample container is between about 2 mg and about 50 mg. 

27. A method of claim 21 , wherein the weight of a sample within said individual 
20 sample container is between about 5 mg and about 25 mg. 

28. A weighing system for automated weighing of samples, said system comprising, 

a) a support frame; 

b) a balance secured to said support frame; 

c) a sample handling assembly operatively connected to said balance and 
25 secured to said balance; 

d) a moveable carrier for moving samples into position beneath said sample 
handling assembly; 

e) a lift assembly positioned beneath said moveable carrier and said sample 
liandling assembly for lifting samples into position to be accessed by said 

30 sample handling assembly; and 
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f) a data handling system for storing and processing of weight measurements 
of said samples. 

29. A weighing system of claim 28, wherein said data handling system comprises a 
balance; computer software; and computer hardware; wherein said data handling 

5 system is adapted to communicate weight measurements to computer software and 

hardware. 

30. A weighting system of claim 29, wherein said data handling system fiirther 
comprises one or more data collectors positioned and adapted to transmit 
information to a computer control unit, thereby allowing coordinated movement of 

10 samples via said sample handing assembly, said moveable carrier, and said lift 

assembly, wherein said information is coordinated by said computer control unit 
with the storage of weight measurement transmitted by said balance for individual 
samples. 

31. A weighing system of claim 29, wherein said data handling system further 

1 5 comprises a scanner for detection of the position and identity of sample racks on 

said moveable carrier; at least one position sensor associated with said moveable 
carrier; and at least one sample position sensor associated with said sample 
handling assembly. 

32. A weighing system of claim 29, wherein said computer hardware comprises one 
20 or more of the following: a display; data entry apparatus; a processor; an interface 

to the weighing apparatus; a printer or ottier output apparatus; electronic interfaces 
among the component parts; and memory. 

33. A weighing system of claim 29, wherein said computer software comprises an 
operating system; a database program; a report generating program; a data- 

25 receiving program for receiving data from the weighing apparatus; and a control 

program for controlling the weighing apparatus. 

34. A weighing system of claim 33, wherein said report generating program is adapted 
to provide data comprising individual sample identification related one or more of 
sample rack identity, sample position, tare weight of a sample contamer, gross 

30 weight of sample and sample container, and net weight of said sample. 
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35. A weighing system of claim 34, wherein said data is originally stored in a format 
selected from the group consisting of ASCII text, binary, and ODBC (object 
database connectivity fomiat). 

36. A weighing system of claim 34, wherein said data is originally stored in ASCII 
5 text format. 

37. A liquid dispensing system for automated dispensing of hquid into sample 
coatainers, said system comprising, 

a) a support frame; 

b) a liquid dispenser secured to said support frame; 

10 c) a sample container handling assembly operatively connected to said liquid 

dispenser; 

d) a moveable carrier for moving sample containers into position beneath said 
liquid dispenser; and 

e) a data handling system for storing and processing of liquid delivery to said 
15 sample containers. 

38. The system of claim 37, wherein said data handling system comprises ; computer 
software; and computer hardware; wherein said data handling system is adapted to 
communicate liquid dispensing measurements to computer software and hardware. 

39. The system of claim 38, wherein said data handling system further comprises one 
20 or more data collectors positioned and adapted to transmit information to a 

computer control unit, thereby allowing coordinated movement of sample 
containers via said sample container handing assembly and said moveable carrier, 
wherein said movement information is coordinated by said computer control unit 
with the dispensing of liquid for individual sample containers. 

25 40. The system of claim 39, wherein said data handling system ftirther comprises a 

scaimer for detection of the position and identity of sample container racks on said 
moveable carrier; at least one position sensor associated with said moveable 
carrier; and at least one sample position sensor associated with said sample 
container handling assembly. 

30 41 . The system of claim 39, wherein said computer hardware comprises one or more 
of the following: a display; data entry apparatus; a processor; an interface to the 
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liquid dispensing apparatus; a printer or other output apparatus; electronic 
interfaces among the component parts; and memory. 

42. The system of claim 39, wherein said computer software comprises an operating 
system; a database program; a report generating program; a data-receiving 

5 program for receiving data from tiie liquid dispensing apparatus; and a control 

program for controlling tlie liquid dispensing apparatus. 

43. The weighing system of claim 1 further comprising a liquid dispensing system, 
the liquid dispensing system comprising a liquid dispenser operably connected to 
the sample handling assembly. 

1 0 44. The system of claim 43 wherein the liquid dispensing system and the weighing 
system are synchronized. 
45. The system of claim 44 wherein the synchronization results in the liquid 

dispensing and the weighing of the samples occurring in substantially the same 
amount of time as would have been taken to weigh the samples. 
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AUTOMATED SYSTEMS FOR WEIGHING AND/OR LIQUID DELIVERY 



Statement of Related Applications 

The present application is a continuation in part application of US patent 
5 application serial number 09/61 1,393, filed July 7, 2000, entitled "Automated Weighing 
Station" the disclosure of which is hereby incorporated herein by reference. 

Field of the Invention 

The present invention relates to apparatus for weighing and/or dispensing liquid. 

10 Embodiments of the present invention are advantageous for automatically weighing 

and/or dispensing liquid into small samples generally disposed in containers in an array of 
racks. The invention also relates to weighing and liquid dispensing systems that provide 
flexibility and convenience in generating and transforming a variety of data sets 
associated with measurements accomplished using the weighing and/or liquid dispensing 

1 5 apparatus. 



Background 

Recently, the proliferation of combinatorial libraries in high throughput synthesis 
and screening (HTS) programs have led to an ever increasing emphasis on automation. 
20 The ability to prepare and test a large number of compounds quickly can provide a 

competitive advantage. Thus, automated preparation and evaluation has become a key 
process in lead discovery. 

The recent explosion in the number of compounds available for screening, and the 
expected increase in compounds with the development of automated chemical synthesis, 
25 has meant that a large number of pharmaceutical and other chemical companies are in 

need of automated weighing of such compounds. However, several difficulties have been 
encountered in attempts to provide a fast, efficient, and cost-effective solution to the 
problem of automatically weighing large numbers of small samples. 

Proposed solutions which simply implement robotic methods to remove and 
30 replace samples from racks to facilitate weighing present significant problems. Robotic 

fingers have difficulty in grasping individual samples for removal from among an array of 
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closely placed samples in a rack. Certain devices function only with flat bottom 
containers, which are more difficult to return to the rack after weighing. Misplacement 
during return may result in spilling of the sample contents, or breakage of one or more 
samples (possible leading to contamination of one or more samples). 
5 A major difficulty unsolved by current devices is the lack of speed when weighing 

a large number of samples. Current devices generally employ a robotic sample transfer 
assembly, which retrieves a sample from an array, transfers the sampl*-. to a separate 
balance, and then returns the sample container to a particular position in a holder, such as 
a test tube rack. Although some such systems may have the ability to identify the 
10 particular sample, and associate the sample with the measurement taken to enable later 
data recordation and processing, systems currently employed require a large amount of 
inefficient and time-consuming movement. The sample must be plucked from an array, 
moved to the balance, isolated from the surrounding environment by closing a door of a 
chamber surrounding the balance, retrieved from the balance after opening the door of the 
1 5 chamber, moved back into position relative to the array, and returned to the sample's 
original position. Thus, having the balance a considerable distance from the actual 
sample position within an array leads to a great deal lost time in moving each sample to 
and from the balance. 

Current devices also handle a relatively limited number of samples during each 
20 run. It would be advantageous to provide an automated system which is capable of 
handling a larger number of samples than those devices currently available. 

Accordingly, it is one object of the present invention to provide an automated 
weighing system which handles a larger number of samples per run than currently 
available devices. It is also an object of the invention to accomplish weighing of a large 
25 number of samples in less time, and with increased accuracy, handling efficiency and 

reliability. Additionally, another object of the invention is to provide a weighing system 
allowing increased control of an automated weighing apparatus, and increased versatility 
in data collection, storage and transformation. 

An additional object of the present invention is to provide an automated system 
30 for dispensing Hquid which handles a larger number of samples per run than currently 
available devices. It is also an object of the invention to accomplish filling of a large 
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number of sample containers in less time, and with increased handling efficiency and 
reliability. 

Summary of the Invention 
5 The present invention provides a solution to many current problems associated 

with automated weighing of large numbers of samples. One advantage is that the overall 
movement of individual samples to accomplish the weight measurement is minimized. 
This reduces the time required, and reduces the likelihood of malfunctions such as 
breakage of sample containers and/or contamination of samples. 

10 Accordingly, in one aspect the invention relates to an automated weighing station 

comprising a support frame, a balance secured to the support frame, a sample handling 
assembly, that may be isolated from the surrounding environment, operably connected to 
the balance and secured to the balance, a moveable carrier for moving samples into 
position beneath the sample handling assembly, a lift assembly positioned beneath the 

1 5 moveable carrier and the sample handling assembly for lifting samples into position to be 
accessed by the sample handling assembly, and a control system for controlling the 
sample handling assembly, the lift assembly, and the moveable carrier in a coordinated 
manner, and for storing weight measurements of individual samples. The control system 
also provide a user interface. 

20 In another aspect, the invention relates to a method of weighing multiple 

individual samples comprising moving an ordered array of sample containers beneath a 
stationary sample handling assembly, elevating at least one sample container, reversibly 
securing the at least one sample container to a gripper assembly of the stationary sample 
handling assembly, and returning the at least one sample container to the ordered array 

25 after a weight measurement is taken, wherein the gripper assembly is connected to a 

balance, and is disengaged from other components of the sample handling assembly while 
the weight measurement is taken. 

In yet another aspect, the invention relates to a weighing system for automated 
weighing of samples comprising a support frame; a balance secured to the support frame; 

30 a sample handling assembly operatively connected to the balance, and secured to the 

balance; a moveable carrier for moving samples into position beneath the sample handling 
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assembly; a lift assembly positioned beneath the moveable carrier and the sample 
handling assembly for lifting samples into position to be accessed by the sample handling 
assembly; and a data handling system for storing and processing of weight measurements 
of the samples. 

5 The invention provides many of the benefits described herein by virtue of the 

close association of the sample handling assembly, including the gripper or lift 
assemblies, with the balance where the weight measurement is taken. The benefits 
provided by the invention are described in greater detail below. 

The present invention also provides a solution to many current problems associated 
10 with automated delivery of liquid to large numbers of samples or sample containers. One 
advantage is that the overall movement of individual samples to accomplish the liquid 
dispensing is minimized. This reduces the time required, and reduces the likelihood of 
malfunctions such as breakage of sample containers and/or contamination of samples. 
Accordingly, in one aspect the invention relates to an automated liquid delivery 
1 5 system comprising a support frame, a liquid delivery apparatus comprising a liquid 
reservoir in communication with a pump and a liquid dispensing nozzle, a sample 
handling assembly operably connected to the liquid dispensing nozzle, a moveable carrier 
for moving samples into position beneath the sample handling assembly, and a control 
system for controlling the sample handling assembly, the moveable carrier and the 
20 dispensing of liquid in a coordinated manner. The conlrol system also provides a user 
interface. The liquid delivery system may be utilized to add one or more liquids, or 
combinations of liquids, to fresh sample containers (e.g. test tubes) in specified 
increments. The liquid delivery system may also be advantageously utilized to deliver 
liquid to sample containers containing samples for dilution or other purposes, such as to 
25 modify concentrations of liquids already part of the sample. 

The liquid delivery system may include a probe for measuring propertiesof 
liquids in a sample or sample container. For example, in embodiments of the present 
invention, a probe could be utilized to measure the pH or other properties of a sample 
solution in a test tube. In embodiments of the present invention the liquid delivery system 
30 may be utilized to deliver water, aqueous solutions, solvents, solvent solutions and/or 
other liquids. 
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In another aspect, the invention relates to a method of dispensing liquid into 
multiple individual samples comprising moving an ordered array of sample containers 
beneath a liquid dispensing apparatus nozzle and dispensing a liquid. 

In a further aspect, the invention relates to weighing systems and methods as set 
5 forth above further comprising a liquid delivery system. In a system of the present 

invention, the liquid delivery system may be configured to deliver liquid simultaneously, 
or immediately before or after, weighing. Alternatively, the liquid delivery system may 
be configured to deliver liquid independently from the weighing operation, or to deliver 
liquid to one sample while another sample is being weighed, etc. 

10 In another aspect, the invention relates to data acquisition and control system for 

weighing systems, liquid dispensing systems, such as the weighing systems and liquid 
dispensing systems described above, including weighing systems comprising liquid 
delivery systems. An embodiment of a control system may be implemented utilizing 
computer software and related hardware. The control and data acquisition system may be 

1 5 advantageously utilized to provide uniform or individual liquid delivery for samples 

based on either an equal concentration or an equal molarity for each sample. The control 
and data acquisition system may also be utilized to control component parts of the 
weighing system, for example to control gripping and weighing of samples, movement of 
sample trays, dispensing of liquid and the like. 

20 In embodiments of the present invention, data generated by the automated 

weighing of samples is maintained in electronic form and fed electronically into a 
computer hardware and software implemented data acquisition system. The data may 
comprise information relating to the characteristics of particular samples, for example, 
weight, molarity, pH and/or the like. Alternatively, or in addition, the data may comprise 

25 information relating to the weighing system as a whole, or component parts of the 
weighing system, for example number of sample weighed, current sample and rack, 
weighing time per sample and the like. The data acquisition system may be implemented 
utilizing software that may be easily integrated to other databases including, but not 
limited to, for example Oracle or Microsoft Access. 

30 Embodiments of weighing systems according to the present invention may fiirther 

comprise bar code scanning means for reading bar codes on samples or sample racks. 
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The data generated may be communicated to the data acquisition system and incorporated 
into a database. 

Further, embodiments of weighing systems of the present invention may include 
monitoring or safety means for monitoring the automated actions of the system 

5 components to ensure the components are properly positioned before movement to 
minimize component breakage. The monitoring means may comprise sensors, laser 
scanners and/or similar hardware in communication with a control system that will 
suspend operation of the weighing system component or components if a situation that 
could potentially damage the weighing system or a component thereof is sensed. 

10 The systems of the present invention provide many advantages over prior systems 

for weighing multiple samples or for dispensing liquid. 

Weighing systems of the present invention advantageously provide a weighing 
process that is accurate and reproducible with an accuracy ofweighing up to 0.1 mg or 
greater. 

1 5 Weighing systems of the present invention may be utilized for weighing, liquid 

delivery or for combination of both. One can load racks of samples and perfomi either 
weighing the samples alone, or delivering solvents to these samples alone or weighing the 
samples and deliver liquid to them. This can be done in any combination for each individual 
rack. 

20 Features of the systems of the present invention enhance productivity and quality in 

industry, many research, analytical and QC laboratory applications. In pharmaceutical 
applications, systems of the present invention may be advantageously utilized in systems for 
compound yield determination; compound management; and/or stability/shelf-life 
determinations. In chemical applications, systems of the present invention may be 

25 advantageously utilized in systems for weight determination of powders and solids; 

stability/shelf-life determination and/or HPLC or GC preparation. In food and cosmetic 
applications, systems of the present invention may be advantageously utilized in systems for 
sample preparation. 

Embodiments of the present invention may provide one or more of the following 
30 advantages: 
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Automated, hands-free weighing, thereby providing repeatable accuracy and freeing 
laboratory staff to perform other duties; 

Automated, hands-free liquid delivery, thereby ensuring accuracy and freeing 
laboratory staff to perform other duties; 
5 Error free documentation; 

Rapid sample rates in terms of samples weighed/filled per hour; 

Configurable for use with vials, test tubes, mini-tubes and/or other sample carriers; 

and 

Bar code scanning of samples and/or sample trays. 

10 Embodiments of the weighing systems of the present invention may be configured to 

hold hundreds or thousands of samples and weigh hundreds of samples, or more, per hour, on 
a bottom-loading high accuracy analytical balance such as a four, five or six place analytical 
balance. An apparatus of the present invention can be optionally configured with multiple 
formats such as, but not limited to, with 48 or 96 test tube rack configurations. Embodiments 

1 5 of the weighing systems of the present invention may also be configured to hold multiple 
racks of vials, test tubes, and/or mini-tubes that can be tarred and re-weighed as required. 
Embodiments of the present invention provide high throughput reliable weighing and liquid 
delivery that is accurate and fast. 

An additional advantage of an embodiment of the present invention that comprises a 

20 weighing system and a liquid dispensing system is that the weighing system and the liquid 
dispensing system may operate in a synchronized fashion to reduce the amount of time for 
both fiinctions to be performed on each sample. For example, the liquid dispensing system 
may fill sets of samples while other sets of samples are being weighed. As a result, the 
overall time to both weigh and fill samples with liquid in not substantially increased over the 

25 time it would take to either weigh or fill the samples with liquid. 

A fijrther advantage of the present invention is that embodiments of the present 
invention may comprise a data acquisition and control system that may be advantageously 
utilized to control the weighing of samples and/or the dispensing of liquid and may further 
collect and store data relating to samples in a format that can be accessed and utilized by 

30 other databases. 
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Brief Description of the Drawings 

Figure 1 is a front perspective view of one embodiment of the apparatus of the 

invention. 

Figure 2 is a cut-away, top perspective view of an embodiment of the apparatus of 
5 the invention (balance and upper frame portion not showoi). 

Figure 3 is a cut-away, top perspective view of the apparatus of the invention as in 
Fig. 2 (sample racks and carrier not shown). 

Figure 4 is a perspective view of the balance ., sample handling, sample lift, and 
rack detection/identification components of an embodiment of the apparatus (viewed as 
10 from lower right to upper left of the view of Fig. 1 - sample racks, carrier, and frame not 
shown). 

Figure 5 is a top perspective view of an embodiment of the sample handling 
assembly. 

Figure 6 is a side elevational view of an embodiment of the sample handling 
1 5 assembly. 

Figure 7 is a perspective view of an embodiment of the sample lift assembly 
(viewed as from the upper right rear to the lower, left front of the view of Fig, 2). 

Figure 8 is an elevational view of an embodiment of the sample lift assembly 
(viewed as from the right of Fig. 2). 
20 Figure 9 is an elevational view of an embodiment of the sample lift assembly 

(viewed as from the right of Fig. 8). 

Figure 10 is a top elevational view of an embodiment of the sample lift assembly. 

Figure 11 is a top perspective view of an embodiment of the optional weighing 
isolation housing of the apparatus. 
25 Figure 1 2 is a side elevational view of an embodiment of the optional weighing 

isolation housing. 

Figure 13 is a front perspective view of one embodiment of the apparatus having 
the optional weighing isolation housing installed. 

Figure 14 is a block diagram of the control system, associated devices, and 
30 systems, according to one embodiment of the invention. 
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Figure 15 illustrates a possible embodiment of a liquid dispensing apparatus of the 
present invention. 

Figure 16 is a front perspective view of an embodiment of an apparatus of the 
present invention showing a laser sensing system. 
5 Figures 1 7-20 depict screenshots from an embodiment of a graphical user display 

in a data acquisition and control system of the present invention. 

In the Figures, like reference characters indicate corresponding parts. 

Detailed Description of the Invention 

10 The present invention provides solutions to many problems associated with 

automated weighing of multiple samples. In particular, the present invention allows large 
numbers of samples to be weighed rapidly. The invention also allows samples to be 
weighed with decreased opportunity for breakage and/or sample contamination. 

Accordingly, in one aspect the invention relates to an automated weighing station 

15 comprising a support frame, a balance secured to the support frame, a sample handling 
assembly operably connected to the balance and secured to the balance, a moveable 
carrier for moving samples into position beneath the sample handling assembly, a lift 
assembly positioned beneath the moveable carrier and the sample handling assembly for 
lifting samples into position to be accessed by the sample handling assembly, and a 

20 control system for controlling the sample handling assembly, the Eft assembly, and the 
moveable carrier in a coordinated manner, and for storing weight measurements of 
individual samples. The moveable carrier is coordinated with the operation of the lift 
assembly and the sample handling assembly via multiple positioning sensors which 
output to the control system, allowing rapid and safe handling of the samples, as well as 

25 providing data allowing each sample to be individually identified with its corresponding 
weight measurement when the data is stored or transferred in electronic form. 

In a preferred embodiment, the sample handling assembly further comprises a 
gripper assembly comprising arms, one end of each arm being pivotably connected along 
a common pivot axis, and the opposite end of each arm comprising a gripper finger 

30 adapted to directly contact a sample container; a spring tensioner urging the arms toward 
one another; and a powered mechanical drive component in communication with the 
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gripper assembly. More preferably, the mechanical drive component operates 
intermittently to spread the gripper arms against the force of the spring tensioner, thereby 
increasing the distance between the gripper fingers of the respective gripper arms such 
that a sample may be received therein, to be gripped by the fingers when the mechanical 
5 drive component releases the arms to return to a closed position as urged by the spring 
tensioner. The gripper assembly is designed to be small and light enough such that the 
net weight of individual samples is accurately weighed and recorded while the gripper 
assembly is operable connected to a component of the balance to actuate the weighing 
mechanism of the balance. When the actual weight measurement is accomplished, the 
10 mechanical drive component is dissociated from the gripper assembly, such that it does 
not interfere with an accurate measurement. 

In another preferred embodiment, the moveable carrier comprises a sample rack 
carrier and a carrier support unit. More preferably, position sensors are provided which 
are adapted to communicate the position of the sample rack carrier in relation to the 
1 5 gripper assembly to the control system such that weight measurements of individual 

samples are stored electronically, and are associated with an individual sample by at least 
one identifying characteristic. Also more preferably, the sample racks are characterized 
by an asymmetric shape which requires that the sample racks be placed in the sample rack 
carrier in only one possible orientation relative to the moveable carrier. Also more 
20 preferably, a scaimer is provided for determining the identity of sample racks within an 
array of racks held by the sample rack carrier. Also more preferably, the sample rack 
carrier comprises openings such that the scanner may determine the identity of sample 
racks disposed within the interior of the array of racks. More preferably, the sample racks 
are identified by the scanner utilizing a bar coding system. The sample rack carrier may 
25 be adapted to hold at least one rack which is adapted to hold a plurality of sample 

containers. More preferably, the sample rack carrier is adapted to allow access by the lift 
assemble to at least one sample container from beneath the sample rack carrier. This 
feature of the present invention provides significant benefits by allowing the overall 
movement of individual samples to be minimized, and controlled, because samples are 
30 moved in a short, substantially vertical path from the sample rack to the gripper assembly. 
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In a preferred embodiinent, the carrier support unit further comprises at least one 
powered mechanical drive component adapted to provide controlled forward and 
rearward, left and right movement of the sample rack carrier. More preferably, the at least 
one powered mechanical drive component comprises a first electric motor controlling 
5 forward and rearward movement, and a second electric motor controlling left and right 
movement of the sample rack carrier. Additionally, position sensors outputting to the 
control system provide data allowing the individual identity of sample to be associated 
with their respective weight measurements as stored data. 

In another preferred embodiment, the lift assembly comprises a housing; a powered 

10 mechanical drive component connected to the housing; and a lift shaft operably connected 
to the powered mechanical drive component, wherein the powered mechanical drive 
component provides controlled upward and downward movement of the lift shaft. More 
preferably, the lift shaft further comprises a tip which is adapted to receive the bottom 
portion of a sample container. More preferably, the tip is adapted to receive a bottom 

15 portion of a sample container, the shape of which is selected from the group consisting of 
rounded, conical, flat-ended cubical, and flat-eiided circular. Most preferably, the 
powered mechanical drive component comprises an electric motor having a pulley 
engaged to a belt member, the distal portion of which engages a second pulley, and 
wherein the belt member is attached to a lift shaft mount to provide upward and 

20 downward motion of the lift shaft which is connected to the lift shaft mount. Position 

sensors allow coordination of the lift shaft movement with sample position relative to the 
moveable carrier and the sample handling assembly. These position sensors output to the 
control system to facilitate rapid but safe and efficient sample handling in conjunction 
with the operation of the sample handing assembly. 

25 In another preferred embodiment, the automated weighing station further 

comprises a housing adapted to isolated a gripper assembly of the sample handling 
assembly. More preferably, the housing comprises a first sensor associated with an 
aperture for receiving a sample through a bottom plate of the housing, and a second 
sensor positioned adjacent to the gripper assembly, the first and second sensors allowing 

30 determination of a lowered position and a lifted position, respectively, of the sample. 

Most preferably, the housing further comprises at least one aperture for the introduction 
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of gases for atmospheric control within the housing. The sensors output to the control 
system, allowing control of other moving components of the station, in conjunction with 
sample movement into, and out of, the housing. 

In another aspect, the invention relates to a method of weighing multiple individual 
5 samples comprising moving an ordered array of sample containers beneath a stationary 

sample handling assembly, elevating at least one sample container, reversibly securing the 
at least one sample container to a gripper assembly of the stationary sample handling 
assembly, and returning the at least one sample container to the ordered array after a 
weight measurement is taken, wherein the gripper assembly is connected to a balance and 
10 is disengaged from other components of the sample handling assembly while the weight 
measurement is taken. 

In a preferred embodiment, the weight of a sample within the individual sample 
container is between about 0.01 mg and about 500 g. More preferably, the weight of a 
sample within the individual sample container is between about 0.1 mg and about 50 g. 
1 5 Most preferably, the weight of a sample within the individual sample container is between 
about 1 mg and about 5 g. In a preferred embodiment, the weight of a sample within 
the individual sample container is between about 1 mg and about 100 mg. More 
preferably, the weight of a sample within the individual sample container is between 
about 2 mg and about 50 mg. Most preferably, the weight of a sample within the 
20 individual sample container is between about 5 mg and about 25 mg. 

The design of the gripper assembly and its operation by the mechanical drive 
component of the sample handling assembly allows accurate and precise measurements of 
net sample weight. 

In yet another aspect, the invention relates to a weighing system for automated 
25 weighing of samples comprising a support frame; a balance secured to the support frame; 
a sample handling assembly operatively connected to the balance and secured to the 
balance; a moveable carrier for moving samples into position beneath the sample handling 
assembly; a lift assembly positioned beneath the moveable carrier and the sample 
handling assembly for lifting samples into position to be accessed by the sample handling 
30 assembly; and a data handling system for storing and processing of weight measurements 
of the samples. 
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In a preferred embodiment^ the data handling system comprises a balance; 
computer software; and computer hardware; wherein the data handling system is adapted 
to communicate weight measurements to computer software and hardware. More 
preferably, the data handling system further comprises one or more data collectors 
5 positioned and adapted to transmit information to a computer control unit, thereby 
allowing coordinated movement of samples via the sample handing assembly, the 
moveable carrier, and the lift assembly, wherein the information is coordinated by the 
computer control unit with the storage of weight measurement transmitted by the balance 
for individual samples. Most preferably, the data handling system fijrther comprises a 

10 scanner for detection of the position and identity of sample racks on the moveable carrier; 
at least one position sensor associated with the moveable carrier; and at least one sample 
position sensor associated with the sample handling assembly. 

In another preferred embodiment, the computer hardware of the data handling 
system comprises one or more of the following: a display; data entry apparatus; a 

15 processor; an interface to the weighing apparatus; a printer or other output apparatus; 
electronic interfaces among the component parts; and memory. 

In another preferred embodiment, the computer software of the date handling 
system comprises an operating system; a database program; a report generating program; 
a data-receiving program for receiving data from the weighing apparatus; and a control 

20 program for controlling the weighing apparatus. More preferably, the report generating 
program is adapted to provide data comprising individual sample identification related 
one or more of sample rack identity, sample position, tare weight of a sample container, 
gross weight of sample and sample container, and net weight of sample. More preferably, 
the data is originally stored in a format selected from the group consisting of ASCII text, 

25 binary, and ODBC (object database connectivity format). Most preferably, the data is 
originally stored in ASCII text format. Other formats may also be employed for data 
storage and transfer in particular situations. 

In another aspect the present invention relates to an automated liquid dispensing 
apparatus comprising a support frame, a liquid dispenser secured to the support frame, a 

30 sample handling assembly operably connected to the liquid dispenser, a moveable carrier 
for moving sample or sample containers into position beneath the sample handling 
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assembly to permit filling of sample containers and a control system for controlling the 
sample handling assembly, the liquid dispenser, and the moveable carrier in a coordinated 
manner. The moveable carrier is coordinated with the operation of the liquid dispenser 
and the sample handling assembly via multiple positioning sensors which output to the 
5 control system, allowing rapid and safe handling of the samples, as well as providing data 
allowing each sample to be individually identified with its corresponding liquid 
measurement when the data is stored or transferred in electronic form. 

A liquid dispenser for use in the present invention comprises a dispensing portion, 
comprising a nozzle or end of a tube or the like. The liquid dispenser further comprises a 
10 tube or similar apparatus connecting the dispensing portion and a source of liquid. The 
source of liquid may comprise a reservoir, or may comprise a connection to a source of 
fluid. In an embodiment of the present invention, the source of liquid comprises a 
standard laboratory reagent bottle and the liquid dispenser comprises a connection that 
replaces the cap of the reagent bottle. 
1 5 The liquid dispenser will generally comprise a pump for moving liquid from the 

reservoir or source of liquid to the dispensing portion. The pump may be mounted on the 
frame of the apparatus, or in another location between the dispensing portion and the 
source of liquid. 

Other aspects of the automated liquid dispensing apparatus of the present invention 
20 may be the same as similar aspects of the automated weighing station of the present 
invention wherein the liquid dispenser is substituted for the weighing apparatus. 

In another aspect, the present invention provides a single apparatus that may be 
utilized for both the automated weighing of samples and for the automated dispensing of 
liquid. Embodiments of the this aspect of the present invention position the dispensing 
25 portion of the liquid dispenser in close proximity to the weighing apparatus to allow for 
the weighing of a sample and/or dispensing of liquid into the sample. 

In a further aspect, the invention relates to a method of dispensing liquid into 
multiple individual samples comprising moving an ordered array of sample containers 
beneath a stationary sample handling assembly, positioning a liquid dispenser above at 
30 least one sample container; and dispensing liquid into the sample container. 
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As will be recognized by those of ordinary skill in the art, and as described above, 
embodiments of an automated liquid dispensing apparatus of the present invention may 
comprise a data handling system, or a data acquisition and control system similar to the 
ones described above with reference to an automated weighing station of the present 
5 invention. Further aspects of an embodiment of a data acquisition and control system are 
described below. 

Referring now to the Figures, ir particular to Figure 1, a front perspective view of 
one embodiment of the automated weighing station 2 of the invention is shown. 
Enclosure and support frame 4 is shown supporting balance 6 and sample handling 
10 assembly 8. Also shown is sample lift assembly 14, sample rack carrier 10, and carrier 
support unit 12. 

Frame 4 also provides support for materials which may be used in conjunction with 
frame 4 to enclose the automated weighing station 2. Frame 4 may be constructed so as 
to allow access via a front, lift-type door in a conventional fashion, and/or via side access 

15 door openings, such that samples may be easily accessed before, during, or at the 
conclusion of an automated weighing run. 

Sample lift assembly 14 frinctions to raise an individual sample to facilitate access 
to the sample by the sample handling assembly 3. Accordingly, sample racks in sample 
rack carrier 1 0 have apertures beneath each individual sample compartment to allow 

20 access from below the sample. Carrier support unit 12 stably supports sample rack carrier 
10, and transports carrier 10 laterally to allow each individual sample to be broughtinto 
handling positions beneath sample handling assembly 8. 

Figure 2 shows an embodiment of the apparatus of the invention, without showing 
frame 4 or balance 6 as shown in Figure 1 . Motors 1 8 and 20 provide power for leftright, 

25 front-back movement of sample rack carrier 10 on carrier support unit 12. Scanner 16 
reads identifying information on the end of each sample rack, e.g. a bar code. In Fig. 2, 
scanner 16 is shown reading the front row of racks in carrier 10. When the rear row of 
racks is being analyzed, scanner 16 reads the identifying information through apertures 17 
in carrier 10. Because of asymmetry in rack design, samples positioned within each rack 

30 are necessarily identified by rack identification. Figure 3 is very similar to Figure 2, 

except the sample racks and sample rack carrier 10 are not shown. Sample lift assembly 
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is shown mounted on carrier support unit 12, and interacting with a sample container to 
facilitate reception of a sample by sample handling assembly 8. 

Figure 4 shows the relative positioning and interaction between balance 6, sample 
handling assembly 8, and sample lift assembly 14. Gripper assembly 24 is shown holding 
5 a sample for weighing in conjunction with sample lifting assembly 14, powered by lifting 
motor 28. Sample handling assembly 8 includes gripper spreader motor 22. Although 
sample racks and sample rack carrier 10 are not shown in Figure 4, scanner 16 is shown 
for the purpose of illustrating the relative positioning of components. 

Figure 5 is an enlarged depiction of sample handling assembly 8. Gripper 
10 assembly 24 comprises gripper fingers 32 which directly contact sample container 30. 

Gripper fingers 32 are connected to gripper arms 34 which are urged toward one another 
by spring 36. Outer clevis 35 and inner clevis 37 connect the gripper arms 34 to 
mounting block 39 via shoulder screws 38. Mounting block 39 is connected to balance 
shaft 40 via dowel pin 41 (as shown in Figure 6). Dowel 41 is connected to balance 6 
1 5 (see Fig. 4) via dowel pin 4 1 (see Fg. 6). 

Gripper arms 34 of gripper assembly 24 are spread (against the tension provided by 
spring 36) by dowels 42 and 43, which are connected to arm spreaders 44 and 46, 
respectively. Arm spreader 44 is connected to and actuated by outer shaft 58. Arm 
spreader 46 is connected to and actuated by inner shaft 57. Outer shaft 58 and inner shaft 
20 57 are supported by bearing 49 as they pass through firont mount 50. This connection is 
secured by snap rings 48, which are disposed forward and rearward of fi-ont mount 50. 
The rearward end of outer shaft 58 terminates prior to rear mount 54, and is supported in 
relation to inner shaft 57 by bronze bushing 59. Inner shaft 57 continues rearward 
through rear mount 54, where it is supported by bearing 51, and secured by snap rings 55. 
25 Outer arm rotator 56 and inner arm rotator 60 are connect to outer shaft 58 and 

inner arm shaft 57, respectively. Arm rotators 56 and 60 are connected to rotator 64 via 
dowels 62. Rotator 64 is powered by stepper motor 22, to actuatedarm rotators 56 and 
60. The operation of rotator 64 is controlled by sensor66 (e.g. an omron sensor), which 
operators via sensor flag 70. Sensor bracket 68 provides the platform for mounting of 
30 sensor 66 and sensor flag 70. The sensor assembly allow the coordination of the 

operation of sample handling assembly 8 with other components of the apparatus. In 
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particular, operation of sample handling assembly 8 is coordinated with the operation of 
sample lift assembly 14. 

Figures 7-10 show various detailed views of sample lift assembly 14. Figure 7 is a 
front perspective view of the assembly; Fig. 8 is a front elevational view; Fig. 9 is a side 
5 elevational view (as from the right of Fig. 8); and Fig. 10 is a top elevational view of the 
assembly. 

Lift motor 28, mounted in bracket 88 on platform 90, powers drive belt 78 via 
pulley 92, At the upper end of sample lift assembly 14, pulley 76 is mounted on an 
extension of rear mount 80 to carry drive belt 78. Side mount 81 is connected along one 

10 edge to rear mount 80, at its bottom to platform 90, and on the lower portion of its front 
side to bracket 88. On the side of drive belt 78 proximal to side mount 81, bracket 82 is 
connected to lift shaft mount 74. On the opposite side of lift shaft mount 74, brackets 84 
provide a mounting platform for sensor components and travel stops, which are 
coordinated with sensor components and travel stops 86 mounted on side mount 81 to 

15 control range of operation and range of travel of lift shaft mount 74 in conjunction with 

the operation of lift motor 28 and the drive assembly. Lift shaft 26 is mounted in lift shaft 
mount 74 and terminated at the upper end with tip 72. Tip 72 may be configured 
variously, depending on the shape of the bottom of sample container 30, In a preferred 
embodiment, tip 72 is cup shaped at the top to allow handling of containers with round 

20 bottoms. Conical or flat bottom containers may be handled by configuring tip 72 
accordingly, as will be recognized by the skilled artisan. 

The forward portion of sample handling assembly 8 may be isolated to facilitate 
certain weighing operations which require greater isolation of the sample or control of the 
atmospheric environment during the operation. Housing 92 may be optionally installed to 

25 provide this capacity (see Fig. 13). Figures 1 1 and 12 provide a top perspective and front 
elevational view, respectively, showing details of housing 92 (apparatus not shown). Top 
mounting plate 94 is provided with connection apertures 1 14 and bracket 1 12 for 
connecting housing 92 to the bottom of balance 6. Aperture 1 16 allows passage of 
balance shaft 40 of the gripper assembly 24 to balance 6 when housing 92 is installed 

30 (gripper assembly 24 is contained within housing 92). The lower compartment 96 of 
housing 92 is a substantially rectangular box having front and rear, left and right, and 
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bottom plate 102 (see Fig. 12), with the top formed by attachment lower compartment 96 
to top mounting plate 94. Aperture 1 10, in the rear side of lower compartment 96, allows 
passage of outer and inner shafts 58 and 57, such that gripper assembly 24 may be 
actuated within housing 92. Figure 12 shows lifted sample sensor 100, secured by sensor 

5 bracket 98. Seated sample sensor 106 is secured by sensor bracket 108. Seated sample 
sensor 106 and bracket 108 are positioned adjacent to aperture 1 18, which allows lifting 
of a sample container 30 (see Figs. 5 and 6) through bottom plate 102 by lifting assembly 
14. Together this sensor arrangement allows precise coordination of the operation of lift 
assembly 14 and sample handling assembly 8, when housing 96 is utilized. 

10 Figure 13 shows an embodiment of automated weighing station 2, with housing 92 

installed. 

Figure 14 provides a schematic overview of the various input and outputs of an 
embodiment of a data acquisition .and control system for an automated apparatus of the 
present invention. 

15 Figure 15 provides a schematic diagram of a liquid dipenser for use in an automated 

system of the present invention. As shown in Figure 15, a liquid dispenser may include 
dispensing means 132, disposed vertically above a sample container. Dispensing means 132 
are connected via tubing 134 to a source of liquid 140. A pump or valve 136 may be utilized 
to control the flow of liquid through the liquid dispensing means. The liquid dispenser may 

20 be mounted to sample handling assembly 8 and move with the sample handling assembly in 
the manners described above with reference to the weighing apparatus. 

In an embodiment of the present invention, the weighing or liquid dispensing 
apparatus may fiirther comprise a positioning sensor system to sense the relative position of 
the sample lifting pin and/or sample gripper and prevent movement of the carrier apparatus 

25 unless the lifting pin is positioned so that it will not interfere with the movement. The 

positioning sensor system may comprise a laser, or a scanning laser, in combination with a 
receiver. The sensor system may fiirther comprise one or more mirrors for directing the laser. 

The sensor system may rely on an unbroken or unbroken laser beam to determine the 
relative position of component parts in the weighing or liquid dispensing system. For 

30 example, in an embodiment of the present invention, a sensor system may comprise a laser 
beam generator that emits a laser beam that is sensed by a receiver located in a second 
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position. The laser beam generator and receiver may be positioned on the frame of the 
apparatus at a height such that weighing of a sample will cause the beam to be broken. A 
data acquisition and control system may communicate with the receiver such that a break in 
the beam will instruct the control system to restrict movement of one or more component 
5 parts of the weighing or liquid dispensing apparatus. 

In an embodiment, the system checks to see if the sample is back in its position with 
the proper clearance for movement of the table. A scanning laser that covers the area under 
the gripper and the hole where the sample travels to the gripper insures this. 

The system may in addition, or in thealteme.tive, check to see if the lifting pin is back 
10 in its position with the proper clearance for movement of the table. The scanning laser that 
covers the area under the gripper and the hole where the pin lefts the sample to the gripper 
insures this. Another sensor on the lifting pin assembly insures that the pin is in the home 
position. .... 

The sensor system may also check to see if the sample is properly placed in the 
15 gripper before the weighing process starts. A sensor may be utilized within the gripper 

assembly to insure that the sample is in the proper position and it is hanging freely in the 
gripper without any contact with other objects. 

In a further embodiment, a weighing and/or liquid dispensing apparatus of the 
present invention may further comprise a bar code scanner. The bar code scanner may be 
20 mounted on the rack support assembly and positioned to read bar codes that have been 

applied to racks of test tubes. The bar code scanner may be linked electronically to a data 
acquisition and control system and feed data into the system. Suitable bar code scanning 
equipment is commercially available from a variety of sources, including IBM, Symbol, 
Cognex and NCR. 

25 Figure 16 illustrates as embodiment of the present invention comprising a laser 

sensing system. As shown in Figure 16, a laser generator 150 may be mounted on the 
apparatus and positioned to send a laser beam to receiver 152. The path of the laser 
comprises a plane just above the level of sample containers in the racks. The laser beam 
is broken when sample containers are lifted or picked up to be weighed. If a sample 

30 container is not returned correctly to its position in the rack, the laser beam will remain 
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broken. Receiver 152 communicates with a data acquisition and control system and halts 
operation of the apparatus while the beam remains broken. 

Figure 16 also illustrates a possible positioning of a bar code scanning unit 160. 
The bar code scanning unit is positioned to be able to read bar codes contained on sample 
5 container racks. Information from the bar code scanner is fed into a data acquisition and 
control system to assist in controlling and monitoring aspects of the apparatus. 

As described above, an aspect of the present invention is a data acquisition and 
control system. Figure 14, referred to above, provides an overview of the types of 
information and data that may be handled by the system. Figures 17- 20 provide 
10 screenshots from the display of an embodiment of a data acquisition and control system 
of the present invention. 

As shown if Figure 17, the system may be configured to provide different types of 
data relating to each rack of sample containers in the system. The racks may be tracked 
through the weighing and/or liquid dispensing system and data stored relatingto the time 
15 of weighing etc. 

Figures 1 8 and 19 illustrates a graphical display providing information relating to a 
single rack and the sample containers in the rack. The system software may be fully 
integrated and interfaced to different types of databases like ORACLE or ACCESS. All data 
may be stored in many formats including but not limited to ODBC so it can be loaded directly 
20 in the database and in ASCII reports for further manipulations. These reports are complete 
and error-free with details about sample I.D., rack number, position, tare weight, gross 
weight, net weight and/or volume of liquid delivered for each sample. 

Figure 20 illustrates a graphical display providing options for liquid dispensing. As 
shown in Figure 20 liquid delivery of many solvents than can be delivered to fresh tubes or 
25 vials or to samples for dilution, and different concentrations in multiple formats. 

It will thus be seen that the objects set forth, among those made apparent from the 
preceding description, are efficiently obtained and, since certain changes may be made in 
carrying out the above embodiments and in the apparatus and method set forth, without 
departing from the spirit and scope of the invention, it is intended that all matter 
30 contained in the above description shall be interpreted as illustrative and not in a limiting 
sense. 
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It is also to be understood that the following claims are intended to cover all of the 
generic and specific features of the invention herein described and all statements of the 
scope of the invention which, as a matter of language, might be said to fdl therebetween. 
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What is claimed is: 



1 . An automated weighing station comprising, 
a) a support frame; 
5 b) a balance secured to said support frame; 

c) a sample handling assembly operably connected to said balance and 
secured to said balance; 

d) a moveable carrier for moving samp'es into position beneath said sample 
handling assembly; 

10 e) a lift assembly positioned beneath said moveable carrier and said sample 

handling assembly for lifting samples into position to be accessed by said 
sample handling assembly; and 
f) a control system for controlling said sample handling assembly, said lift 
assembly, and said moveable carrier in a coordinated manner, and for 
1 5 storing weight measurements of individual samples. 

2. . An automated weighing station of claim 1, wherein said sample handling 
assembly further comprises, 

a) a gripper assembly comprising arms, one end of each arm being pivotably 
connected along a common pivot axis, and the opposite end of each arm 

20 comprising a gripper finger adapted to directly contact a sample container, 

and a spring tensioner urging said arms toward one another; and 

b) a powered mechanical drive component in communication with said 
gripper assembly. 

3. An automated weighing station of claim 2, wherein said mechanical drive 
25 component operates intermittently to spread said gripper arms against the force of 

said spring tensioner, thereby increasing the distance between said gripper fingers 
of the respective gripper arms such that a sample may be received therein, to be 
gripped by said fingers when said mechanical drive component releases said arms 
to return to a closed position as urged by said spring tensioner. 
30 4. An automated weighing station of claim 1, wherein said moveable carrier 
comprises. 
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a) 
b) 



a sample rack carrier; and 
a carrier support unit. 



5. 

5 

6. 

10 

7. 

15 8. 
9. 

20 10. 
11. 

25 

12. 

30 13. 
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An automated weighing station of claim 4, further comprising position sensors 
adapted to communicate the position of said sample rack carrier in relation to said 
gripper assembly, to said control system such that weight measurements of 
individual samples are stored electronically, and are associated with an individual 
sample by at least one identifying characteristic. 

An automated weighing station of claim 4, wherein said sample racks are 
characterized by an asymmetric shape which requires that said sample racks be 
placed in said sample rack carrier in only one possible orientation relative to said 
moveable carrier. 

An automated weighing station of claim 4, further comprising a scanner for 
determining the identity of sample racks within an array of racks held by said 
sample rack carrier. 

An automated weighing station of claim 7, wherein said sample rack carrier 

comprises openings such that said scanner may determine the identity of sample 

racks disposed within the interior of said array of racks. 

An automated weighing station of claim 7, wherein said sample racks are 

identified by said scanner utilizing a bar coding system. 

An automated weighing station of claim 4, wherein said sample rack carrier is 

adapted to hold at least one rack which is adapted to hold a plurality of sample 

containers. 

An automated weighing station of claim 4, wherein said sample rack carrier is 
adapted to allow access by said lift assemble to at least one sample container from 
beneath said sample rack carrier. 

An automated weighing station of claim 4, wherein said carrier support unit 
further comprises at least one powered mechanical drive component adapted to 
provide controlled forward and rearward, left and right movement of said sample 
rack carrier. 

An automated weighing station of claim 1 2, where said at least one powered 
mechanical drive component comprises a first electric motor controlling forward 
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and rearward movement, and a second electric motor controlling left and right 
movement of said sample rack carrier. 
14. An automated weighing station of claim 1, wherein said lift assembly comprises, 
a) a housing; 

5 b) a powered mechanical drive component connected to said housing; and 

c) a lift shaft operably connected to said powered mechanical drive 
component, 

wherein said powered mechanical drive component provides controlled 

upward and downward movement of said lift shaft. 
10 15. An automated weighing station of claim 14, wherein said lift shaft fiirther 
comprises a tip which is adapted to receive the bottom portion of a sample 
container. 

16. An automated weighing station of claim 15, wherein said tip is adapted to receive 
a bottom portion of a sample container, the shape of which is selected from the 

1 5 group consisting of rounded, conical, flat-ended cubical, and flat-ended circular. 

17. An automated weighing station of claim 14, wherein said powered mechanical 
drive component comprises an electric motor having a pulley engaged to a belt 
member, the distal portion of which engages a second pulley, and wherein said 
belt member is attached to a lift shaft mount to provide upward and downward 

20 motion of said lift shaft which is connected to said lift shaft mount. 

1 8. An automated weighing station of claim 1 , fiirther comprising a housing adapted 
to isolated a gripper assembly of said sample handling assembly. 

19. An automated weighing station of claim 1 8, wherein said housing comprises a 
first sensor associated with an aperture for receiving a sample through a bottom 

25 plate of said housing, and a second sensor positioned adjacent to said gripper 

assembly, said first and second sensors allowing determination of a lowered 
position and a lifted position, respectively, of said sample. 

20. An automated weighing station of claim 17, wherein said housing fiirther 
comprises at least one aperture for the introduction of gases for atmospheric 

30 control within said housing. 
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A method of weighing multiple individual samples, said method comprising 

moving an ordered array of sample containers beneath a stationaiy sample 

handling assembly, elevating at least one sample container, reversibly securing 

said at least one sample container to agripper assembly of said stationary sample 

handling assembly, and returning said at least one sample container to said 

ordered array after a weight measurement is taken, wherein said gripper assembly 

is connected to a balance and is disengaged from other components of said sample 

handling assembly while said weight measurement is taken. 

A method of claim 2 1 , wherein the weight of a sample within the individual 

sample container is between about 0.01 mg and about 500 g. 

A method of claim 21, wherein the weight of a sample within the individual 

sample container is between about 0.1 mg and about 50 g. 

A method of claim 21, wherein the weight of a sample within the individual 

sample container is between about 1 mg and about 5 g. 

A method of claim 21 , wherein the weight of a sample within said individual 

sample container is between about 1 mg and about 100 mg. 

A method of claim 21, wherein the weight of a sample within said individual 

sample container is between about 2 mg and about 50 mg. 

A method of claim 21, wherein the weight of a sample within said individual 

sample container is between about 5 mg and about 25 mg. 

A weighing system for automated weighing of samples, said system comprising, 

a) a support frame; 

b) a balance secured to said support frame; 

c) a sample handling assembly operatively connected to said balance and 
secured to said balance; 

d) a moveable carrier for moving samples into position beneath said sample 
handling assembly; 

e) a lift assembly positioned beneath said moveable carrier and said sample 
handling assembly for lifting samples into position to be accessed by said 
sample handling assembly; and 
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f) a data handling system for storing and processing of weight measurements 
of said samples. 

29. A weighing system of claim 28, wherein said data handling system comprises a 
balance; computer software; and computer hardware; wherein said data handling 
system is adapted to communicate weight measurements to computer software and 
hardware. 

30. A weighting system of claim 29, wherein said data handling system ftirther 
comprises one or more data collectors positioned and adapted to transmit 
information to a computer control unit, thereby allowing coordinated movement of 
samples via said sample handing assembly, said moveable carrier, and said lift 
assembly, wherein said information is coordinated by said computer control unit 
with the storage of weight measurement transmitted by said balance for individual 
saniples. 

31. A weighing system of claim 29, wherein said data handling system further 
comprises a scanner for detection of the position and identity of sample racks on 
said moveable carrier; at least one position sensor associated with said moveable 
carrier; and at least one sample position sensor associated with said sample 
handling assembly. 

32. A weighing system of claim 29, wherein said computer hardware comprises one 
or more of the following: a display; data entry apparatus; a processor; an interface 
to the weighing apparatus; a printer or other output apparatus; electronic interfaces 
among the component parts; and memory. 

33. A weighing system of claim 29, wherein said computer software comprises an 
operating system; a database program; a report generating program; a data- 
receiving program for receiving data from the weighing apparatus; and a control 
program for controlling the weighing apparatus. 

34. A weighing system of claim 33, wherein said report generating program is adapted 
to provide data comprising individual sample identification related one or more of 
sample rack identity, sample position, tare weight of a sample container, gross 
weight of sample and sample container, and net weight of said sample. 
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35. A weighing system of claim 34, wherein said data is originally stored in a format 
selected from the group consisting of ASCII text, binary, and ODBC (object 
database connectivity format). 

36. A weighing system of claim 34, wherein said data is originally stored in ASCII 
5 text format. 

37. A liquid dispensing system for automated dispensing of liquid into sample 
containers, said system comprising, 

a) a support frame; 

b) a liquid dispenser secured to said support frame; 

10 c) a sample container handling assembly operatively connected to said liquid 

dispenser; 

d) a moveable carrier for moving sample containers into position beneath said 
liquid dispenser; and 

e) a data handling system for storing and processing of liquid delivery to said 
1 5 sample containers. 

38. The system of claim 37, wherein said data handling system comprises ; computer 
software; and computer hardware; wherein said data handling system is adapted to 
communicate liquid dispensing measurements to computer software and hardware. 

39. The system of claim 38, wherein said data handling system fiirther comprises one 
20 or more data collectors positioned and adapted to transmit information to a 

computer control unit, thereby allowing coordinated movement of sample 
containers via said sample container handing assembly and said moveable carrier, 
wherein said movement information is coordinated by said computer control unit 
with the dispensing of liquid for individual sample containers. 

25 40. The system of claim 39, wherein said data handling system ftirther comprises a 

scanner for detection of the position and identity of sample container racks on said 
moveable carrier; at least one position sensor associated with said moveable 
carrier; and at least one sample position sensor associated with said sample 
container handling assembly. 

30 41 . The system of claim 39, wherein said computer hardware comprises one or more 
of the following: a display; data entry apparatus; a processor; an interface to the 
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liquid dispensing apparatus; a printer or other output apparatus; electronic 
interfaces among the component parts; and memory. 

42. The system of claim 39, wherein said computer software comprises an operating 
system; a database program; a report generating program; a data-receiving 
program for receiving data from the liquid dispensing apparatus; and a control 
program for controlling the liquid dispensing apparatus. 

43. The weighing system of claim 1 further comprising a liquid dispensing system, 
the liquid dispensing system comprising a liquid dispenser operably connected to 
the sample handling assembly. 

44. The system of claim 43 wherein the liquid dispensing system and the weighing 
system are synchronized. 

45. The system of claim 44 wherein the synchronization results in the liquid 
dispensing and the weighing of the samples occurring in substantially the same 
amount of time as would have been taken to weigh the samples. 



0204900A1JA> 



wo 02/0049()() 



PCT/USOl/41301 




SOOCtD: <WO ^0a04900Al_IA> 



1/17 

SUBSTITUTE SHEET (RULE 26) 



wo 02/004900 



PCT/USOl/41301 




2/17 

SUBSTITUTE SHEET (RULE 26) 



^ISDOCIO <WO_0204900A1_IA> 



wo 02/004900 



PCT/USO 1/4 1301 




.0204900A1JA> 



3/17 

SUBSTITUTE SHEET (RULE 26) 



wo 02/004900 



PCT/USOl/41301 




>JSDOCID- <WO__0204900A1_IA> 



wo 02/004900 



PCT/USO 1/4 1301 




FIG. 5 



5/17 

SUBSTITUTE SHEET (RULE 26) 

lXX:iD: <WO_oa04800A1_IA> 



wo 02/004900 



PCT/USO 1/4 1301 




FIG. 6 



!SDCX:iD- <WO_0204900A1JA> 



6/17 

SUBSTITUTE SHEET (RULE 26) 



wo 02/004900 



PCT/USOl/41301 




FIG. 8 FIG. 9 



..^OgClD: <WO_0204900A1 IA> 



7/17 

SUBSTITUTE SHEET (RULE 26) 



wo 02/004900 



PCT/USOl/41301 




xSOOCIO <WO_0204900A1JA> 



SUBSTITUTE SHEET (RULE 26) 



wo 02/004900 



PCT/USOl/41301 




.0204900A1JA> 



wo 02/004900 



PCT/USO 1/4 1301 




300CI0- <WO_0a04900AlJA> 



10/17 

SUBSTITUTE SHEET (RULE 26) 



wo 02/004900 



PCT/USO 1/4 1301 



c o 

CO ' 

£ of 



I 

CO 

o E «2 

•53 ^ 
o 



CO c 

CO ^ 

CO ac S 

C <o CO 

O ^ CO 

o ^ 

CU CO 



CO cd 

C O 
<L> 

CO ^ 

O CO 

.2 <D 

CO O 

(2 S 





O 
V-i 

1-4 



:s CO 



o 



o > 
i, CJ o 



S2 



11/17 

SUBSTITUTE SHEET (RULE 26) 

0204900A1 lA^ 



wo 02/004900 



PCT/USOl/41301 




FIG. 15 



SDOCID- <WO 0204900A1 IA> 



12/17 

SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



wo 02/iM)490O 



PCT/USO 1/4 1301 




MSOOCID-<WO _0204900A1 IA> 



14/17 

SUBSTITUTE SHEET (RULE 26) 



wo 02/iMM9()() 



PCT/USOI/41301 




SOOCIO: <WO_0204900A1_IA> 



15/17 

SUBSTITUTE SHEET (RULE 26) 



wo 02/004900 



PCT/USOl/41301 




SDOCID- <WO_0204900A1_IA> 



16/17 

SUBSTITUTE SHEET (RULE 26) 



wo 02/004900 



PCT/USO 1/4 1301 



Opt Ions > 



Even Concentration 
I I Equal Molarity 

p Current Settings* 



950 



4800 



Maximum Number 
of Plates to Scon* 
Milligrams per Mih 

Minimum Volume' 
Moximum Volume* 



OK 



] c 



Cancel 



3 



FIG. 20 



.0204900A1JA> 



17/17 

SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



I ~ Uonal Application No 

rci/US 01/41301 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G01617/06 G01N35/00 



According to Internaiional Patent Classification (IPC) or to both nalional classtflcalion and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (dassificalion system followed by classification symbols) 

IPC 7 GOIG GOIN 



Documentation searched other than minimum documentation to the extent lhat such documents are included in the f elds searched 


Elcclronic data base consulted during the international search (name of data base and. where practical, search temis used) 

EPO-Internal , WPI Data 


C. DOCUMENTS CONSIDERED TO BE RELEVANT ■ 




Category • 


Citation ot documenl. with indication, where appropriate, of Ihc relevant passages 


Relevant to claim No. 


X 
Y 

Y 


EP 0 769 686 A (LAWER SPA) 

23 April 1997 (1997-04-23) 

claim 1; figures 1-3 

EP 1 003 020 A (TECAN AG) 

24 May 2000 (2000-05-24) 

abstract 

column 7, line 41 - line 49 

-/- 


1,4.11, 

14,17, 

28,29, 

37,38, 

43-45 

2,3,5. 
7-10,12, 
13,18, 
21. 

30-33, 
39,41,42 

2.3.5, 

7-10,18, 

31 


fx] Put 


her documents are listed in the continuation ot box C ^ Patent family members are fisted in annex. 


• Special categories of cited documents : ,j, 1^,^^ document published atter the international filing dale 

or prioriiy dale and nol in contlici wUh the applicalion but 
•A' document defining the general slate ot the art which is not cited to understand the principle or theory underlying the 

considered to be of peuticular relevance invention 
•F- earHer document but pubKshed on or after the internaiional -x* document of particular relevance: the claimed invention 

f itina dale cannot be considered novel or cannot be considered to 
•L- document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone 

which is cited to establish the publication date of another -y document ot particular relevance, the claimed invention 

citation or other special reason (as specilied) cannot be considered to involve an inventive step when the 

Other means 1^ ^ 

'^S,Ta!.'rWSJl°cS?nr™'''^' documen,m.mberonhes3,nepa..»..amiV 


Date of the actual completion ot the international search 

6 November 2001 


Date of mailing of the international search report 

13/11/2001 


Name and mailing address of the tSA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HV Riiswijlc 
Tel. (♦31-70) 340-2040. Tx. 31 651 epo nl. 
Fax {+31-70) 340-3016 


Authorized officer 

Ganci , P 



Fcm PCT/lSA/210 (second sheel) (July 1992) 



page 1 of 2 



MSDOCIO <WO_0a04900AlJA> 



INTERNATIONAL SEARCH REPORT 



I ' ~ tional Application No 

fC-i/US 01/41301 



C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Caiegory ' 


Cilation of Oocument. with indication, where appropriate, of the relevant passages 


Relevani lo claim No. 


Y 


us 5 660 792 A (KOIKE TOSHIO) 
26 August 1997 (1997-08-26) 
abstract 


12.13. 
21,30,39 


Y 


US 5 769 775 A (MARKOV LUBOMIR ET AL) 

23 June 1998 (1998-06-23) 

abstract 

column 4, line 16 - line 26 


32,33. 
41,42 

c 



Fcfrn PCTyiSA/210 (continuation ol second sheet) guty 1992) 



page 2 of 2 

tiOClD: <WO^rao^OOAl JA> 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



I tlonal Application No 

PCT/US 01/41301 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
aa\B 



EP 0769686 



23-04-1997 



IT 
EP 
US 



T0950833 Al 
0769686 A2 
583B982 A 



17-04-1997 
23-04-1997 
10-11-1998 



EP 


1003020 


A 


24- 


-05- 


2000 


EP 
EP 
OP 
OP 


1003020 
1003039 
2000283835 
2000180454 


Al 
Al 
A 
A 


24-05-2000 
24-05-2000 
13-10-2000 
30-06-2000 


US 


5660792 


A 


26- 


-08- 


-1997 


OP 


8164302 


A 


25-06-1996 


US 


5769775 


A 


23- 


-06- 


-1998 


CA 


2211543 


Al 


26-01-1998 



Foim PCT/ISA«10 (patent family annex) guly 1992) 



SDOCIO <WO_0a04900AlJA> 



